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THE    RETICULAR    MATERIAL    OF   DEVELOPING   BLOOD 

CELLS. 

By  EDMUND  V.  COWDRY,  Ph.D. 

(From  the  Anatomical  Laboratory  of  the  Peking  Union  Medical  College,  Peking, 

China) 

Pl.^te  1. 

(Received  for  publication,  September  14,  1920.) 

The  object  of  this  paper  is  to  determine  the  appearance  of  the 
reticular  material  ofjiormal  blood  cells  with  a  view  to  preparing  the 
way  for  further  experimental  studies,  using  it  as  an  indicator  of  cell 
activity  and  cell  injury.  The  extensive  literature  on  the  subject  of 
this  material  has  already  been  reviewed  in  detail  by  Holmgren  (1901- 
02),  Benda  (1914),  Duesbefg'(1914),  and  Cajal  (1914).  Very  Uttle 
has  been  done  on  the  blood. 

I  have  used  the  bone  marrow  of  guinea  pigs,  applying  the  osmic 
acid  method  of  Kopsch  (1902),'  the  uranium  and  silver  nitrate 
method  of  Cajal  (1912),-  and  the  methods  of  fixation  recommended 
by  Bensley  (1910).^  At  the  same  time,  the  observations  have  been 
controlled  by  the  examination  of  unstained  and  supravitally  stained 
living  cells  by  direct  and  obhque  illumination. 

SinigagUa  (1910)  was  apparently  the  first  to  discover  a  circumnuclear,  net-like 
structure  in  the  red  blood  cells  of  young  amphibia,  and  von  Berenberg-Gossler 
(1912)*  has  recorded  a  similar  but  eccentrically  placed  network  in  the  blood  cells 
of  chick  embryos.  Fananas  (1912),^  with  the  aid  of  Cajal's  silver  and  uranium 
nitrate  method,  has  attempted  to  determine  the  changes  which  this  network  un- 
dergoes during  the  development  of  red  blood  cells.  He  has  found  that  with  the 
appearance  of  hemoglobin  it  undergoes  regressive  changes,  becoming  condensed 
and  finally  disappearing  completely,  but  he  does  not  claim  that  there  is  any 
functional  relation  between  its  disappearance  and  the  formation  of  hemoglobin. 

'  Kopsch  (1902),  p.  929. 

^  Cajal  (1912),  p.  211. 

'Bensley  (1910),  p.  192. 

*  von  Berenberg-Gossler  (1912),  p.  62. 

'  Fananas  (1912),  p.  251. 
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Results  Obtained  with  Erythrohlasls. 

Though  I  have  been  unable  to  detect  any  trace  of  the  existence  of 
reticular  material  in  li\dng  red  blood  cells,  I  have  produced  a  black- 
ened network  in  the  cytoplasm  of  erythroblasts  by  the  methods  of 
Kopsch  and  Cajal.  Of  the  two  methods  the  prolonged  treatment  with 
osmic  acid,  as  advised  by  Kopsch,  is  in  my  opinion  subject  to  the 
least  criticism  because  it  is  relatively  simple  and  does  not  distort  the 
cells  or  destroy  the  specific  granulations.  Figs.  4  to  12  illustrate  the 
irregularity  and  variability  of  the  reticular  material  in  erythroblasts. 

Like  von  Berenberg-Gossler,  I  find  that  it  is  usually  eccentrically 
placed  and  rarely  if  ever  circumnuclear.  In  my  preparations  it  is 
generally  compact,  varying,  however,  in  size  as  well  as  in  the  coarse- 
ness of  its  meshes.  Frequently  in  neighboring  cells  no  trace  of  it  can 
be  seen.  In  the  cells  which  show  it  there  are  usually  some  blackened 
granules  of  variable  size.  It  almost  seems  as  though  stages  in  the 
formation  of  the  network  can  be  distinguished  through  the  alignment 
and  confluence  of  these  granules,  or  that  the  granides  are  produced 
through  the  disintegration  of  the  network.  As  the  erythroblasts 
develop,  the  reticular  material  becomes  smaller  in  amoimt  and 
finally  disappears  in  the  mature  erythrocytes.  It  is  impossible  to 
say  how  close  is  the  parallelism  between  these  changes  and  the  forma- 
tion of  hemoglobin,  because  my  preparations  do  not  permit  an 
accurate  determination  of  the  amount  of  hemoglobin. 

Cajal's  method  brings  to  hght  a  similar  network,  but  unfortunately 
the  preser\-ation  of  the  cells  is  so  poor  that  it  is  often  difficult  even  to 
identify  them.  Erythroblasts  prepared  by  this  method  are  shown  in 
Figs.  14,  15,  18,  and  20.  In  spite  of  their  larger  size  and  greater  com- 
plexity, these  networks  resemble  closely  those  in  the  Kopsch  prepara- 
tions described  above.  Similar  blackened  granules  are  also  to  be  seen 
which  perhaps  bear  the  same  relation  to  the  network.  Fig.  18  is 
suggestive  in  this  connection  because  the  blackened  granules  seem  to  be 
embedded  in  a  more  lightly  colored  material  which  forms  the  strands 
of  the  network. 

The  relation,  however,  between  this  blackened  reticular  material 
and  the  canalicular  apparatus  which  may  be  demonstrated  in  the 
erythroblasts  by  fixation  in  a  mixture  of  formalin  and  potassium 
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bichromate,  as  recommended  by  Bensley  (1910),  is  not  sofclear.  It  is 
true  that  this  system  of  clear  canals  is  usually  eccentrically  placed  to 
one  side  of  the  nucleus  (Figs.  22,  23,  and  25),  that  clear  droplets  sug- 
gestive of  the  blackened  granules  may  often  be  discerned  near  it,  and 
that  it  disappears  as  differentiation  goes  on,  so  that  no  trace  of  it  can 
be  found  in  mature  erythrocytes  (Fig.  28) ;  but,  on  the  other  hand,  the 
clear  canals  are  more  sharply  defined  (Fig.  27)  and  are  often  of  greater 
girth  (Fig.  30).  They  tend  also  to  be  more  pointed  and  certainly  look 
more  Kke  fixation  artifacts,  or  better,  greatly  distorted  pictures  of 
some  actually  existing  material,  particularly  when  they  are  very 
pronounced  as  in  Figs.  26,  31,  and  36. 

Although  I  have  employed  a  large  variety  of  mixtures  and  their 
individual  ingredients  in  different  concentrations,  I  have  not  been 
successful  in  attempts  to  determine  what  factor  or  factors  in  fixation 
are  responsible  for  the  appearance  of  these  canals,  which  cannot  be 
seen  clearly  in  the  living  cell.  It  is  difficult,  if  not  impossible,  to 
alter  the  caliber  of  the  canals  experimentally.  Duesberg  (1920)* 
postulates  the  existence  of  two  distinct  kinds  of  canalicular  appara- 
tus (trophospongium)  one  of  which  is  identical  with  the  reticular 
material  (apparatus  of  Golgi)  and  the  other  is  not.  He  writes  as 
follows : 

"I  came  to  the  conclusion  ....  that  two  categories  of  cells  should  be  distin- 
guished: The  neurones  and  non-nervous  cells  with  a  localized  trophospongium 
on  the  one  side,  and  the  non-nervous  cells  with  a  diffuse  trophospongium  on  the 
other.  As  to  the  latter,  the  identity  of  both  formations  can  be  rejected  without 
further  discussion;  for,  while  the  trophospongium  extends  all  over  the  cytoplasm, 
the  apparatus  of  Golgi  is  localized  at  one  pole  of  the  nucleus.  As  to  the  former, 
both  formations  appear  to  me  identical." 

The  expression  "identical"  is  one  which  I  should  hesitate  to  apply, 
as  it  cannot  be  interpreted  to  mean  anything  less  than  similarity  in 
all  respects.  Ob\aously,  the  blackened  apparatus  of  Golgi  is  not 
identical  with  a  system  of  clear  canals  brought  to  light  by  a  totally 
different  method.  One  is  a  silver  deposit,  the  other  a  portion  of  the 
cytoplasm  devoid  of  silver  which  can  only  be  stained  with  great 
diflSculty.     If  we  refer  to  two  cells  even  of  the  same  category  or 

«  Duesberg  (1920),  p.  75. 
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to  minute  portions  of  them  as  being  identical  we  are  overlooking 
the  fact  that  living  material  is  constantly  changing  both  qualita- 
tively and  quantitatively  and  that  it  is  these  changes  which  make  life 
possible. 

According  to  Duesberg's  theory  there  are  two  kinds  of  tropho- 
spongium  which  are  distinguished  solely  by  the  fact  that  the  tropho- 
spongium  is  either  localized  or  diffuse.  There  are  no  other  differ- 
ential characteristics.  As  a  matter  of  fact,  all  the  other  known 
properties  of  the  localized  and  diffuse  trophospongium  appear  to  be 
similar.  Duesberg  does  not  give  sufficient  consideration  to  the 
vagaries  of  technique.  It  is  conceivable  that  the  diffuse  canals  called 
trophospongium  and  the  localized  apparatus  of  Golgi,  though  quite 
different  in  appearance  in  fixed  tissues,  may  have  been  produced 
through  the  action  of  diametrically  opposed  methods  of  technique 
upon  somewhat  similar  material.  Within  the  compass  of  a  single 
cell  whose  cytoplasm  is  fluid  and  in  more  or  less  constant  motion 
spacial  differences  are  not  of  very  great  moment.  A  comparison  of 
Figs.  22,  23,  25,  26,  and  30  shows  the  remarkable  variations  in  the 
topography  of  the  trophospongium  which  may  be  seen  in  cells  of  the 
same  tjpe  treated  in  the  same  way. 

Results  Ohtained  with  Leucocytes. 

Von  Bergen  (1904),'  Kolster  (1913),  and  others  have  alluded  to  the 
occurrence  of  reticular  material  in  granular  leucocytes.  Here,  as  in 
the  case  of  the  erythroblasts,  the  methods  of  Kopsch  and  Cajal  reveal 
what  cannot  be  seen  by  the  most  painstaking  observation  of  living 
cells.  By  the  method  of  Kopsch  a  few  scattered  granules  are  blackened 
in  the  amphophils  and  eosinophils  (Figs.  1  and  2),  while  nothing 
is  brought  to  light  in  the  basophils  (Fig.  3).  The  lack  of  definite 
grouping  on  the  part  of  these  granules  points  to  the  conclusion  that 
they  may  have  nothing  to  do  with  the  reticular  material.  Fortu- 
nately, Cajal's  method  gives  more  definite  results  (Figs.  13,  16,  17, 
19,  and  21).  It  will  at  once  be  remarked  that  the  blackened  networks 
are  much  smaller  in  proportion  to  the  size  of  the  cells  than  in  erythro- 
blasts.    They  are  also  more  condensed,  with  closer  meshes,  and  are 

'  von  Bergen  (1904),  p.  542. 
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almost  invariably  situated  in  the  concavity  of  the  nucleus  near  the 
centrosome.  Blackened  granules,  like  those  in  the  erythroblasts,  are 
not  apparent  in  the  amphophilic  leucocytes  shown  in  Figs.  13,  16,  and 
17.  This  may  mean  that  all  the  material  has  been  used  up  in  the  for- 
mation of  the  networks. 

Granular  leucocytes  in  preparations  made  by  fixation  in  formalin 
and  potassium  bichromate  are  depicted  in  Figs.  24,  29,  and  32 
to  35.  In  Fig.  24  the  canals  are  shown  in  an  amphophil.  They  are 
much  larger  than  the  blackened  reticular  material  and  are  not  re- 
stricted to  the  region  of  the  nuclear  concavity.  In  Fig.  29  they  are 
just  as  large  and  conspicuous  as  in  certain  erythroblasts;  i.e.,  Figs. 
26  and  30.  Other  myelocytes  and  leucocytes  fail  to  show  any  trace 
of  the  canalicular  apparatus  (Figs.  32  to  35).  Considerable  variabil- 
ity is  apparent  even  in  adjacent  cells  in  the  same  section. 

Results  Obtained  with  Lymphocytes. 

I  have  not  been  successful  in  finding  any  trace  of  the  presence  of  a 
reticular  or  canahcular  apparatus  in  living  cells  of  the  lymphocytic 
series.  In  the  Kopsch  and  Cajal  preparations  of  the  bone  marrow  it 
is  only  possible  to  distinguish  the  lymphoblasts  from  the  erythroblasts 
through  the  absence  of  hemoglobin,  and  then  not  with  certainty,  the 
nuclear  characteristics  being  indistinct.  I  have  found,  however,  in 
common  with  other  workers,  that  the  lymphocytes  inhabiting  other 
tissues,  such  as  the  thyroid,  show  a  very  definite  blackened  network 
at  one  side  of  the  nucleus  when  treated  by  Cajal's  method.  In  this 
respect  they  resemble  closely  the  erythroblast  illustrated  in  Fig.  10. 

DISCUSSION. 

There  can  be  no  doubt  that  these  observations  indicate  the  exis- 
tence of  some  material  in  the  cytoplasm  of  developing  red  blood  cells, 
leucocytes,  and  lymphocytes  which  reacts  in  a  more  or  less  character- 
istic way  to  two  quite  different  methods  of  technique.  Since  inves- 
tigators have  also  found  that  a  large  number  of  nerve  cells,  gland 
cells,  and  epithelial  cells,  in  fact  almost  all  the  active  cells  of  the  body, 
react  in  much  the  same  way  when  treated  by  these  methods,  this 
substance,  or  substances  very  closely  related  to  it,  must  be  widely 
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distributed  in  living  protoplasm,  and  of  fundamental  importance. 
This  material  tends  to  exhibit  the  following  properties.  (1)  Under 
certain  conditions,  which  have  not  yet  been  fully  determined,  it 
may  be  blackened  by  treatment  with  osmic  acid  and  silver  nitrate. 
It  may  also  be  frequently  stained  with  resorcin-fuchsin  after  fixation 
in  trichloracetic  acid.  Though  I  have  obtained  satisfactory  prepara- 
tions by  this  method  in  other  tissues  (brain,  pancreas,  etc.)  the  blood 
cells  have  thus  far  proved  refractory.  (2)  The  material  is  arranged 
in  a  network  of  anastomosing  strands,  the  form  of  which  is  to  some 
extent  characteristic  of  different  cell  types.  (3)  This  network  is 
broken  up  on  cell  division  and  is  distributed  in  approximately  equal 
amounts  to  the  two  daughter  cells.  It  undergoes  definite  and  pro- 
gressive changes  during  cell  differentiation.  (4)  In  secretory  cells 
with  pronounced  polarity,  such  as  the  acinus  cells  of  the  pancreas,  it  is 
invariably  found  in  the  region  of  the  cytoplasm  between  the  nucleus 
and  the  distal  border.  When  the  material  is  distributed  in  the  form 
of  a  circumnuclear  network  it  usually  occupies  an  intermediate  posi- 
tion, leaving  a  zone  of  clear  cytoplasm  about  the  nucleus  and  beneath 
the  cell  wall.  (5)  It  is  often,  though  not  always,  found  in  close  asso- 
ciation with  the  centrosome  which  is  presumably  a  center  of  unusu- 
ally high  or  low  cytoplasmic  activity. 

Following  the  discovery  by  Golgi  of  reticular  material  in  nerve 
cells,  claims  were  made,  which  have  not  since  been  substantiated, 
that  this  material  is  composed  of  easily  recognizable  cytoplasmic 
constituents  like  the  mitochondria  and  the  chromidial  substance. 
Recent  work,  however,  tends  to  show  that  it  is  a  constituent  of  the 
ground  substance  which  in  li\dng  cells  appears  to  be  homogeneous 
when  viewed  with  the  best  apochromatic  lenses.  This  homogeneity 
is,  of  course,  apparent,  not  real,  for  true  homogeneity  would  be  in- 
compatible with  chemical  activity.  Suitable  methods  for  the  detec- 
tion of  this  reticular  material  in  living  cells  are  at  present  lacking. 
We  have  no  reason  to  suppose  that  the  form  of  the  reticular  mate- 
rial in  Kving  protoplasm  is  very  different  from  that  seen  in  fixed  prepa- 
rations. It  is  probable,  however,  that  in  the  living  condition  its 
outHnes  are  less  distinct  and  that  it  merges  gradually  into  the  re- 
mainder of  the  cytoplasm.  With  fLxation  a  certain  amount  of  con- 
densation and  shrinkage  occurs  so  that  this  reticular  material  would 
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occupy  a  rather  larger  area  of  the  cytoplasm  in  the  living  cell  than  in 
fixed  preparations.  The  phenomena  of  ameboid  motion,  phagocyto- 
sis, and  the  freedom  of  motion  of  certain  intracellular  granules  are 
incompatible  with  the  existence  of  a  rigid  network  within  the  cell. 
Moreover,  M.  R.  Lewis  and  W.  H.  Lewis  (1914-15)  have  repeatedly 
studied  cultures  of  living  connective  tissue  cells,  yet  they  have  never 
recorded  the  presence  of  a  semisolid  network  of  material,  although 
Deineka  (1912)'  experienced  no  difficulty  in  bringing  a  network  to 
Hght  in  connective  tissue  cells  by  his  silver  method.  It  is  interesting 
also  to  note  that  Chambers  (1915)  has  actually  dissected  cells  in  which 
the  existence  of  this  network  of  material  has  been  demonstrated  by  the 
methods  of  Kopsch  and  Cajal  without  remarking  upon  the  occurrence 
of  any  kind  of  framework  of  resistant  nature.  All  the  information 
at  hand  suggests  that,  though  the  material  is  restricted  to  certain 
cytoplasmic  areas,  it  is  nevertheless  of  watery  consistency,  being  evea 
more  fluid  than  the  general  ground  substance,  and  is  probably  chang- 
ing its  form  continually  as  it  plays  its  obscure  part  in  the  activities, 
of  the  cell,  for  no  two  networks  as  seen  in  fixed  preparations  of  blood 
cells,  or  any  other  kind  of  cell,  are  exactly  alike. 

If  tills  idea  regarding  the  fluidity  of  the  material  is  correct  we  must 
be  deaUng  with  a  system  of  intracellular  spaces  or  canals  as  claimed 
by  Bensley.  The  walls  of  the  canals  appear  to  be  extremely  thin. 
It  has  never  been  possible  to  stain  them  in  fixed  preparations.  In  all 
probability  they  are  merely  surfaces  of  contact  between  fluids  of 
different  character.  Slight  changes  in  the  reticular  material  or  in 
the  surrounding  cytoplasm  would  certainly  modify  the  visibility  of 
the  surfaces.  It  seems  to  me  also  that  in  Kving  protoplasm  the 
reticular  material  may  to  some  extent  intermingle  with  the  surround- 
ing cytoplasm  instead  of  being  sharply  separated  from  it.  Since  its 
refractive  index  is  apparently  the  same  as  that  of  the  cytoplasm  it 
could  not  be  expected  to  be  visible  in  the  living  cell  until  selective 
methods  for  its  coloration  have  been  devised.  Bensley  (1911-12),* 
however,  has  been  able  to  observe  a  system  of  clear  canals  in  islet 
cells  of  the  pancreas  stained  supravi tally  with  neutral  red.  The 
canals  show  up  as  clear  spaces  in  a  cytoplasm  otherwise  crowded  with 

«•  Deineka  (1912),  pp.  303,  306. 
'Bensley  (1911-12),  p.  365. 
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granules.  On  one  occasion  I  observed  a  similar  phenomenon  in  nerve 
cells  (1912-13)'"  but  all  my  efforts  to  discern  this  reticular  material 
in  blood  cells  and  in  other  cells  of  the  body  have  thus  far  been  unavail- 
ing. In  both  these  cases  some  time  elapsed  between  the  removal  of 
the  cells  from  the  animal  and  the  detection  of  the  canals.  Their 
appearance  may,  therefore,  be  due,  as  already  intimated,  to  some 
change  in  the  reticular  material  or  in  the  cytoplasm,  or  in  both.  The 
fluidity  and  lability  of  the  material  would  make  it  particularly  sus- 
ceptible to  the  change  in  environment. 

Though  the  question  of  terminology  is  a  minor  one  the  least  criti- 
cism will  be  caused  if  this  peculiar  substance,  or  mixture  of  sub- 
stances, is  called  reticular  material,  instead  of  reticular  apparatus, 
imtil  more  definite  information  is  obtained  about  it.  The  idea 
of  a  distinct  system  of  canals  is  not  sustained,  and  speaking  of  it 
as  a  cell  organ  suggests  that  it  is  a  more  or  less  complex  unit  built  up 
of  specialized  components  each  with  a  definite  function,  like  the  con- 
stituent tissues  of  the  bodily  organs,  in  favor  of  which  there  is  as  yet 
insufficient  evidence.  Study  from  the  standpoint  of  microchemistry 
■would  throw  further  light  on  this  subject. 

The  wide  distribution  of  this  reticular  material  in  the  three  cate- 
gories of  blood  cells  as  well  as  in  active  cells  of  almost  all  kinds,  and 
the  reasonableness  of  Bensley's  (1910)"  hypothesis  that  the  canaUcu- 
lar  apparatus  is  "the  physiologic  and  morphologic  equivalent  of  the 
vacuolar  system  of  the  plant  cell,"  make  it  apparent  that  this  is  a 
cytoplasmic  constituent  of  great  importance. 

SUMMARY. 

Erythroblasts,  leucocytes,  and  l>Tnphocytes  resemble  other  cells  ot 
the  body  in  containing  a  restricted  area  of  fluidity  in  their  cytoplasm. 
In  special  preparations  this  fluid  appears  in  the  form  of  a  more  or 
less  comphcated  reticulum  which  seems  to  be  continually  but  slowly 
changing  in  shape.  For  convenience  the  fluid  may  provisionally  be 
referred  to  as  reticular  material,  emphasis  being  laid  on  its  composi- 
tion rather  than  its  form.     As  a  working  hypothesis  it  is  safe  to 

w  Cowdry  (1912-13),  p.  490. 
"  Bensley  (1910),  p.  193. 
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assume  that  the  chemical  and  physical  properties  of  this  material 
vary  in  cells  of  different  kinds  as  well  as  in  different  stages  in  the 
activity  of  the  same  cell.  The  conclusion  that  it  is  "identical"  in 
different  cells,  because  the  present  crude  methods  of  technique 
reveal  no  fundamental  differences,  would  be  as  incorrect  as  the 
statement  that  the  serum  of  different  animals  is  identical,  because 
no  difference  is  observed  on  microscopic  examination. 
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EXPLANATION  OF  PLATE  I. 

All  the  figures  have  been  drawn  with  a  Zeiss  objective  1.5  mm.,  compensating 
ocular  8,  and  camera  lucida.     Magnification,  X  2,200. 

Figs.  1  to  12.  Cells  from  the  bone  marrow  of  an  adult  male  guinea  pig  fixed  in 
2  per  cent  osmic  acid  for  15  days  for  the  demonstration  of  the  reticular  apparatus 
after  the  method  of  Kopsch. 

Figs.  13  to  21.  Cells  from  the  bone  marrow  of  a  male  guinea  pig  of  240  gm. 
prepared  by  the  uranium  nitrate  method  of  Cajal  with  shght  modifications. 

Figs.  22  to  36.  Cells  from  the  bone  marrow  of  the  same  guinea  pig  fixed  in 
Kopsch's  formalin-bichromate  mkture  and  stained  with  fuchsin  and  methyl 
green. 

Fig.  1.  Amphophil  leucocyte  without  any  trace  of  a  blackened  network.  A 
few  granules  are  present  which  are  blackened  with  osmic  acid;  the  others  are  of 
a  dull  gray  tone. 

Fig.  2.  Eosinophil  leucocyte  with  no  indication  of  a  blackened  network.  It 
contains  a  series  of  smaller  granules  which  are  intensely'  blackened  and  other  larger 
spherical  ones  of  a  gray  color. 

Fig.  3.  Basophil  leucocyte  without  either  network  or  blackened  granules. 

Fig.  4.  Large  erythroblast  with  blackened  granules  exhibiting  a  tendency 
toward  network  formation. 

Fig.  5.  Erythroblast  with  a  rather  more  definite  network  at  one  side  of  the 
nucleus. 

Fig.  6.  Erythroblast  containing  only  three  spherical  blackened  granules  of 
variable  size. 

Fig.  7.  Erythroblast  with  granules  of  more  irregular  shape. 

Fig.  8.  Erythroblast  with  apparently  clear  cytoplasm. 

Fig.  9.  Erythroblast  with  an  almost  completely  blackened  network,  the  indi- 
vidual strands  of  which  may  be  followed  by  careful  focusing.  The  cytoplasm 
contains  also  some  blackened  granules. 

Fig.  10.  Erythroblast  with  a  blackened  network  of  much  closer  mesh.  No 
blackened  granules  are  to  be  seen  in  the  cytoplasm. 

Fig.  11.  Erythroblast  with  a  large  open  network  and  cytoplasmic  granules. 
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Fig.  12.  Erythroblast  with  a  blackened  network  of  which  the  strands  are 
noticeably  more  slender. 

Fig.  13.  Polymorphonuclear  amphophil  leucocyte  with  several  large  blackened 
granules  in  the  concavity  of  the  nucleus  in  the  region  where  the  centrosome  is 
located. 

Fig.  14.  Large  erythroblast  with  a  complete  network  at  one  pole  of  the  nucleus. 

Fig.  15.  Large  erythroblast  with  an  extensive  and  very  intricate  network  and 
some  cytoplasmic  granulation. 

Fig.  16.  Polymorphonuclear  amphophil  leucocyte  with  a  very  simple  network 
in  the  concavity  of  the  nucleus. 

Fig.  17.  Polymorphonuclear  amphophil  leucocyte  with  slightly  more  compli- 
cated network  in  the  same  location. 

Fig.  18.  Large  cell,  possibly  an  erythroblast,  showing  the  formation  of  a  net- 
work by  the  alignment  of  discrete  granules. 

Fig.  19.  Amphophil  myelocyte  with  network  formation  in  the  nuclear  con- 
cavity. 

Fig.  20.  Erythroblast  with  very  circumscribed,  closely  meshed  network. 

Fig.  21.  Coarsely  granular  leucocyte,  probably  eosinophilic,  showing  likewise 
network  formation  in  the  concavity  of  the  nucleus. 

Fig.  22.  Erythroblast  containing  three  irregular  clear  spaces  (negative  demon- 
stration). 

Fig.  23.  Erythroblast  with  the  clear  canals  forming  a  complicated  coO. 

Fig.  24.  Amphophil  polymorphonuclear  leucocyte  with  clear  canals  in  the 
peripheral  cytoplasm  as  well  as  in  the  concavity  of  the  nucleus. 

Fig.  25.  Erythroblast  with  clear  canals  and  vacuoles  distributed  throughout 
the  entire  cytoplasmic  area. 

Fig.  26.  Large  ceD,  probably  also  an  erythroblast,  showing  the  extreme  of 
canalicular  and  vacuolar  formation  as  well  as  some  crenation.  The  canals  and 
vacuoles  are  of  large  caliber. 

Fig.  27.  Erythroblast  containing  clear  canals  of  very  fine  diameter. 

Fig.  28.  Erythrocyte  devoid  of  any  trace  of  canalicular  formation. 

Fig.  29.  Large  myelocyte  containing  a  very  complicated  system  of  clear  canals. 

Fig.  30.  Erythroblast  with  canals  of  maximum  caUber.  The  forked  ones  are 
especially  characteristic. 

Fig.  31.  Erythroblast  containing  a  pecuhar  clear  circle. 

Fig.  32.  Basophil  polymorphonuclear  leucocyte  without  any  indication  of 
canalicular  formation. 

Fig.  33.  Basophil  myelocyte  likewise  without  visible  canalicular  apparatus. 

Fig.  34.  Eosinophil  leucocyte  in  the  same  condition. 

Fig.  35.  Eosinophil  myelocyte  without  any  sign  of  canalicular  apparatus. 

Fig.  36.  Erythroblast  with  clear  clefts  almost  surrounding  the  nucleus. 
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(Cowtlry:  Developing  blood  cells.) 


STREPTOCOCCI  OCCURRING  IN  SOUR  MILK. 

By  F.  S.  JONES,  V.M.D. 

(From  the  Department  of  Animal  Pathology  of  The  Rockefeller  Institute  for  Medical 
Research,  Princeton,  N.  J.) 

(Received  for  publication,  June  24,  1920.) 

Considerable  confusion  seems  to  exist  regarding  the  specific  cultural  characters 
of  the  group  of  organisms  which  sour  milk.  Many  have  noted  the  presence  of 
enormous  numbers  of  streptococcic  forms  in  sour  milk.  The  morphology  of  such 
bacteria  has  been  studied  in  detail  by  Grotenfeld,'  Giinther  and  Thierfelder,^ 
Kruse,'  and  others.  Kruse  has  given  the  name  of  Streptococcus  lacticus  to  the  or- 
ganism most  frequently  found  and  called  attention  to  its  resemblance  to  the  pneu- 
mococcus.  Many,  however,  disagree  with  Kruse  and  place  it  in  the  genus  Bac- 
terium; such  names  as  Bacterium  lacticus,  Bacterium  gUntheri,  and  Bacillus  lactis 
acidi  are  frequently  met  with. 

In  addition  to  the  confusion  in  nomenclature,  one  frequently  finds  reference  to 
the  occurrence  of  Streptococcus  lacticjts  in  the  udder,  feces,  and  saliva,  or  on  the 
skin  of  cows.  Furthermore,  many  believe  that  the  milk-souring  type  is  indistin- 
guishable in  most  respects  from  the  pyogenic  type. 

Ruediger"*  studied  streptococci  isolated  from  milk  freshly  drawn  into  milk  pails 
and  sterile  bottles.  Of  32  strains  grown  in  blood  agar  plates,  8  produced  consid- 
erable hemolysis  about  the  colonies,  14  were  faintly  hemolytic,  9  produced  green 
zones,  and  1  was  non-hemolytic.  All  the  organisms  were  cocci  arranged  in  chains; 
rod-like  elements  were  not  observed.  Ruediger  considered  that  the  eight  hemolyz- 
ing  strains  were  Streptococcus  pyogenes  and  the  other  faintly  hemolyzing  and  green- 
producing  organisms  belonged  to  the  Streptococcus  lacticus  group.  Further  evidence 
to  warrant  this  assumption  is  not  submitted. 

Heinemann^  states  that  the  group  comprises  two  species, — a  bacterium,  B. 
aerogenes  var.  lacticus  and  Streptococcus  lacticus.  It  is  stated  that  Streptococcus 
lacticus  agrees  in  morphological  and  cultural  characters  with  the  human  patho- 
genic, sewage  and  fecal  streptococci.  He  believes  that  the  milk-souring  strepto- 
cocci can  be  detected  on  the  external  surfaces  and  in  the  feces  of  cows  as  well  as 

1  Grotenfeld,  G.,  Fortschr.  Med.,  1889,  vii,  121. 
-  Gunther,  C.,  and  Thierfelder,  H.,  Arch.  Hyg.,  1895,  xxv,  164. 
^  Kruse,  Centr.  Bakt.,  lie  Abl.,  Orig.,  1903,  .xxxiv,  737. 
^  Ruediger,  G.  F.,  Am.  J.  Pub.  Health,  1912,  ii,  107. 
'  Heinemann,  P.  G.,  /,  Infect.  Dis.,  1906,  iii,  173. 
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in  the  milk  during  all  stages  of  handling.  In  a  later  paper  Ileinemann"  published 
the  results  of  some  experiments  with  two  strains  of  streptococci,  one  isolated  from 
certified  milk,  the  other  from  ice-cream.  By  the  passage  of  these  cultures  through 
a  series  of  rabbits  and  guinea  pigs  their  virulence  was  increased.  In  addition,  the 
organisms  grew  feebly.  They  produced  much  less  acid  in  dextrose  and  lost  the 
power  to  ferment  saccharose,  mannitol,  and  salicin. 

Conn,  Esten,  and  Stocking'  described  Streptococcus  laclicus  as  a  short  chained, 
Gram-positive  coccus,  which  grew  on  agar  as  an  exceedingly  delicate  film.  Gela- 
tin colonies  were  characteristic  but  the  medium  was  not  liquefied.  Dextrose,  lac- 
tose, and  saccharose  were  fermented  without  gas  formation.  Milk  was  coagu- 
lated. They  found  these  organisms  in  great  numbers  in  sour  mUk  and  state  that 
they  frequently  made  up  99  per  cent  of  the  flora. 

Shippen^  in  studying  the  microorganisms  of  milk  in  Baltimore  referred  to  Strep- 
tococcus laclicus  as  Bacterium  giinlltcri.  It  was  the  most  common  type  observed 
by  him  in  sour  mUk  but  its  presence  was  also  noted  in  fresh  (unsoured)  milk. 
Like  Kruse,  he  stated  that  the  forms  varied  from  short  slender  rods  to  distinct 
coccus-like  forms.  Many  strains  closely  resembled  streptococci  when  grown  in 
liquid  media,  but  search  alwaj's  revealed  some  rod-like  forms.  In  these  cultures 
the  elongated  elements  predominated  but  cocci  could  also  be  found.  He  con- 
siders that  the  sour  milk  organisms  difier  from  Streptococcus  pyogenes  in  several 
respects;  namely,  in  form,  in  their  inability  to  hemolyze,  their  ability  to  grow  at 
lower  temperatures,  their  lack  of  pathogenicity  for  laboratory  animals,  and  their 
high  thermal  death-point  (65-70°C.). 

McGuire'  considers  that  Streptococcus  laclicus  is  a  normal  inhabitant  of  cow 
feces.  Apparently  the  species  was  identified  largely  by  morphology  and  the 
points  noted  by  Shippen. 

Weigmann'"  divides  the  milk  streptococci  into  two  groups:  the  Streptococcus 
mastitidis  Guillebeau  group  characterized  by  the  coagulation  of  milk  and  the 
formation  of  gas  from  carbohydrates;  and  the  lactic  acid  group.  Streptococcus  lac- 
licus, or  Streptococcus  guntheri.  The  latter  class  fails  to  produce  gas.  It  is  sur- 
prising to  note  the  frequency  with  which  the  mastitis  streptococci  are  referred  to 
as  gas-producing  organisms  throughout  the  literature. 

Sherman  and  Albus'^  have  shown  that  udder  streptococci  differ  from  those 
found  in  sour  milk.    They  isolated  and  studied  50  strains  from  sour  milk  and  as 

«  Heinemann,  P.  G.,  J.  Infect.  Dis.,  1915,  xvi,  221. 

'  Conn,  H.  W.,  Esten,  W.  M.,  and  Stocking,  W.  A.,  Rep.  Storrs  Agric.  Exp. 
Station,  1906,  91. 

8  Shippen,  L.  P.,  Bull.  Johns  Hopkins  Hasp.,  1914,  xxv,  122. 
'  McGuire,  P.  F.,  Bull.  Johns  Hopkins  Hosp.,  1915,  .xxvi,  386. 
'"  Weigmann,  H.,  in  Sommerfeld,  P.,  Handbuch  der  MUchkunde,  Wiesbaden, 
1909,  328. 

11  Sherman,  J.  M.,  and  Albus,  W.  R.,  J.  Bad.,  1918,  iii,  153. 
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many  from  milk  drawn  directly  from  the  udder  into  sterile  bottles.  The  two 
classes  of  organisms  were  studied  in  groups.  It  was  found  that  the  individual  ele- 
ments of  the  sour  milk  type  were  elongated  and  grouped  most  frequently  in  pairs, 
but  chain  formation  was  common.  The  udder  streptococci  were  spherical  and 
grew  as  chains.  The  action  of  the  two  groups  in  the  various  media  was  noted. 
Thus  40  per  cent  of  the  lactic  acid  cocci  fermented  mannitol  and  a  Uke  proportion 
salicin.  Of  the  udder  type  76  per  cent  fermented  saccharose  and  16  per  cent 
produced  acid  in  salicin ;  aU  failed  to  ferment  mannitol.  They  found  that  the  milk- 
souring  organisms  were  able  to  multiply  at  a  temperature  as  low  as  10°C.  The 
udder  streptococci  grew  better  at  38°C.  but  82  per  cent  were  able  to  grow  at  43°C. 
Considerable  stress  is  laid  on  the  reducing  properties  of  the  lactic  acid  organisms. 
The  lactic  acid  types  were  able  to  grow  in  milk  containing  methylene  blue  and 
other  dyes  and  were  able  to  reduce  the  substances.  The  udder  streptococci  failed 
to  grow  in  the  methylene  blue  medium.  In  milk  containing  Htmus  members  of 
both  groups  reduced  the  substance,  but  the  lactic  acid  streptococci  reduced  litmus 
before  coagulation,  the  others  after  the  medium  had  coagulated. 

It  will  be  noted  from  the  foregoing  brief  resume  that  the  specific 
identity  of  the  so  called  Streptococcus  lacticus  is  more  or  less  obscure. 
The  work  of  Sherman  and  Albus  did  much  to  show  that  differences 
existed  between  the  lactic  acid  and  udder  groups. 

It  was  considered  ad\'isable  to  study  the  species  or  groups  of  species 
with  the  idea  that  there  exists  a  clear-cut  differentiation  from  the 
udder  or  mastitis  streptococci.  With  this  in  \-iew,  milk  from  various 
sources  was  permitted  to  sour  at  room  temperature  and  in  the  incu- 
bator. Plate  cultures  were  made  from  the  milk  at  various  times. 
The  isolated  organisms  were  studied  in  the  same  t>'pe  of  medium 
employed  in  the  study  of  mastitis  and  equine  streptococci. 

EXPERIMENTAL. 

The  following  experiment  may  be  regarded  as  a  type.  Bottled 
market  milk  was  purchased  and  after  mixing  distributed  into  sterile 
wide  mouth  bottles.  These  were  permitted  to  stand  at  room  temper- 
ature. The  milk  was  examined  at  various  intervals;  usually  an 
unopened  bottle  was  chosen  each  time.  A  sample  of  the  fresh  milk 
was  plated  at  once;  subcultures  were  made  from  colonies  resemblmg 
streptococci.  In  Table  I  the  protocols  of  five  samples  of  milk  are 
given. 
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It  will  be  noted  from  the  table  that  Sample  A  was  milk  of  high 
quality.  It  soured  slowly,  but  between  the  24th  and  48th  hours  there 
appeared  in  the  plates  enormous  numbers  of  non-hemolytic  strepto- 
cocci. These  organisms  practically  overwhelmed  all  others  and 
persisted  throughout  the  observation.  The  hemolytic  (mastitis) 
streptococci  which  were  in  the  unsoured  sample  persisted  until  the 
4th  day.  The  non-hemolytic  udder  type  was  still  found  after  3  days 
of  souring.  Perhaps  both  types  survived  throughout,  but  could  not 
be  detected  on  account  of  the  great  number  of  other  organisms. 
Sample  B  reveals  about  the  same  condition.  The  coagulation  was 
more  rapid  and  due  to  the  growth  of  enormous  numbers  of  non- 
hemolytic streptococci.  The  hemolytic  streptococci  observed  in  the 
fresh  sample  persisted  for  the  7  days  allotted  to  the  observation. 
They  were  unable  to  multiply  with  the  same  facility  as  the  others. 
In  Samples  C,  D,  and  E  the  non-hemolytic  organisms  also  pre- 
dominated. 

It  soon  became  apparent  that  souring  could  not  be  attributed  to 
the  common  type  of  streptococci  met  with  in  udder  and  bottled  milk. 
The  udder  tj'pes  were  able  to  persist  through  at  least  part  of  the 
souring  period  but  not  in  sufi&cient  numbers  to  be  the  cause  of  the 
phenomenon. 

The  detailed  fermentative  characters  of  the  various  strains  noted 
in  the  protocols  are  given  in  Table  II.  It  must  be  recognized  that 
these  cultures  are  merely  types.  Others  have  been  studied  but  fail 
to  show  further  differences  from  those  recorded. 

The  figures  given  in  Tables  II  and  III  represent  the  total  acidity 
reached  in  the  various  tubes.  All  the  fermented  bouillon  was  of 
the  same  lot.  Duplicate  series  were  inoculated  and  incubated  at 
38°C.  and  at  room  temperature.  The  recorded  figures  represent 
the  maximum  acid  production  at  the  temperature  best  adapted  for 
growth.  Thus,  Cultures  1,  3,  4  A,  7,  13,  18  A,  and  20  grew  better 
and  produced  more  acid  at  38°C.,  therefore  the  acid  produced  by  them 
at  this  temperature  has  been  recorded.  On  the  other  hand,  all  the 
other  organisms  adapted  themselves  better  to  temperatures  of  20- 
22°C.,  so  that  the  acid  production  has  been  given  after  incubation  at 
this  temperature. 
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TABLE    II. 

Fermentative  Characters  of  Streptococci  Noted  in  Table  I. 


Production  of  acid  in. 

Culture 

No. 

Dextrose. 

Lactose. 

Saccha- 
rose. 

Maltose. 

Raffinose. 

Inulin. 

Mannitol. 

Salicin. 

Hemolysis. 

per  cent 

per  cent 

per  cent 

per  cent 

per  cent 

per  cent 

per  cent 

per  cent 

1 

5.6 

4.7 

4.7 

5.2 

1.0 

1.0 

1.0 

1.0 

+ 

3 

3.8 

3.3 

2.6 

3.6 

1.1 

1.0 

1.1 

1.0 

+ 

4  A 

5.1 

4.1 

5.6 

4.8 

1.1 

1.0 

1.1 

3.6 

— 

7 

5.0 

4.2 

4.7 

4.6 

1.0 

1.0 

1.0 

1.0 

+ 

13 

5.6 

4.9 

4.6 

5.2 

1.1 

1.1 

1.1 

1.1 

+ 

18  A 

4.9 

4.4 

4.5 

4.4 

1.1 

1.1 

1.1 

2.3 

— 

20 

4.6 

4.4 

4.7 

3.6 

1.0 

1.1 

1.1 

1.0 

+ 

18 

6.9 

6.0 

1.1 

6.9 

1.1 

1.0 

4.6 

4.4 



21 

6.7 

3.8 

1.1 

5.8 

1.0 

1.0 

5.8 

5,8 

— 

25  A 

6.7 

5.4 

1.1 

6.1 

1.1 

1.1 

4.8 

4.6 

— 

26 

6.6 

5.8 

1.1 

5.2 

1.1 

1.0 

4.2 

4.0 

— 

26  A 

6.8 

5.4 

1.1 

6.6 

1.1 

1.1 

5.9 

4.5 

— 

30 

6.9 

5.9 

1.1 

6.5 

1.1 

1.1 

4.8 

5.0 

— 

31 

6.7 

5.7 

1.1 

5.9 

1.1 

1.1 

3.5 

3.8 

— 

32  A 

6.6 

5.8 

1.1 

6.1 

1.0 

1.1 

6.5 

6.5 

— 

33 

6.7 

6.1 

1.1 

5.6 

1.1 

1,1 

4.1 

5.0 

— 

35 

6.8 

6.2 

1.1 

5.8 

1.1 

1.0 

3.6 

5,3 

— 

43 

6.5 

6.1 

1.1 

6.0 

1.1 

1.1 

4.4 

5,0 

— 

45 

6.8 

6.1 

1.1 

5.9 

1.1 

1.1 

4.9 

5,0 

— 

15 

6.5 

6.1 

6.4 

5.4 

1.0 

1.1 

4.8 

4.8 

— 

16 

7.1 

5.7 

5.3 

4.7 

1.1 

1.1 

3.9 

4.6 

— 

23 

6.8 

6.2 

6.4 

5.6 

1.0 

1.1 

4.3 

5.8 

— 

29  A 

6.1 

5.0 

5.4 

4.0 

1.1 

1.1 

3.4 

5.0 

— 

21  A 

•   6.5 

4.8 

6.1 

6.5 

1.1 

1.1 

1.2 

6.5 

_ 

25 

7.0 

6.4 

6.6 

5.8 

1.0 

1.1 

1.1 

5.8 

— 

30  A 

6.0 

4.4 

4.9 

5.2 

1.0 

1.1 

1.1 

5.4 

— 

27 

6.6 

5.0 

1.1 

5.1 

1.0 

1.1 

1.0 

5.4 

+ 

28 

6.7 

5.2 

1.1 

5.3 

1.1 

1.0 

1.0 

5.4 

+ 

34 

7.0 

5.2 

1.1 

5.2 

1.0 

1.0 

1.0 

6.0 

+ 

36 

6.5 

5.0 

1.1 

5.0 

1.1 

1.0 

1.1 

5.4 

+ 

It  will  be  noted  that  Cultures  1,  7,  13,  and  20  are  hemolytic  strepto- 
cocci which  were  found  in  both  fresh  and  sour  milk.  These  strains 
are  identical  with  those  associated  with  mastitis.     They  are  aggluti- 
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nated  by  their  specific  group  serum.  Culture  3  is  similar  to  the  low 
acid-producing  streptococci  found  in  the  udder  and  in  market  milk. 
This  species  has  been  discussed  in  detail  in  a  previous  communication. "^ 
Cultures  4  A  and  18  A  are  characteristic  non-hemolytic  mastitis 
streptococci  which  agglutinate  with  their  specific  antiserum.  All 
these  cultures  promptly  coagulate  milk  at  38°C.  Litmus  was  not, 
as  a  rule,  reduced  even  after  coagulation.  Where  reduction  occurred 
it  was  usually  confined  to  the  bottom  of  the  tube.  Since  these  well 
recognized  udder  and  mastitis  streptococci  were  unable  to  multiply 
to  any  great  degree  in  soured  milk,  it  is  assumed  that  such  is  not  their 
function.     In  other  words,  their  true  habitat  is  within  the  udder. 

In  contradistinction  to  the  preceding  group,  a  second  still  larger 
series,  comprising  Strains  18,  21,  25  A,  26,  26  A,  30,  31,  32  A,  33,  35, 
43,  and  45,  made  up  the  bulk  of  the  flora  of  clotted  milk.  These 
organisms  differed  in  morphology  from  the  mastitis  types.  In  bouil- 
lon the  elements  were  usually  elongated  and  arranged  in  pairs  and 
short  chains.  Spherical  forms  were  also  observed.  The  mastitis 
cultures  produced  chains  of  cocci.  The  second  group  of  organisms 
attacked  dextrose,  lactose,  maltose,  mannitol,  and  salicin,  but  failed 
to  ferment  saccharose,  raffinose,  and  inulin.  They  produced  more 
acid  in  dextrose  than  did  the  mastitis  streptococci.  Litmus  was 
reduced  before  milk  containing  it  was  coagulated. 

The  next  four  strains  (Nos.  15,  16,  23,  and  29  A)  were  isolated  from 
two  samples  only.  They,  too,  differed  from  the  mastitis  streptococci 
morphologically.  They  produced  large  amounts  of  acid  in  media 
containing  dextrose,  lactose,  saccharose,  maltose,  mannitol,  and 
salicin.     Litmus  was  reduced. 

Cultures  21  A,  25,  and  30  A  also  produced  large  amounts  of  acid. 
They  attacked  the  same  substances  as  the  non-hemolytic  mastitis 
streptococci  but  produced  more  acid.  Litmus  was  reduced  by  these 
cultures.  The  characteristic  rod-like  and  coccoid  elements  occurring 
in  pairs  and  short  chains  are  a  further  point  in  their  differentiation. 
They  grew  best  and  produced  a  maximum  acidity  at  room  temperature. 
In  addition  they  were  not  agglutinated  by  mastitis  streptococcus 
serum. 

'■^  Jones,  F.  S.,  /.  Exp.  Med.,  1920,  xxxi,  347. 
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The  hemolytic  streptococci  (Nos.  27,  28,  34,  and  36)  which  per- 
sisted throughout  the  souring  of  Sample  B  differed  from  the  usual 
udder    streptococci    in    several    characters.     Morphologically    they 

TABLE  in. 

Comparative  Acid  Production  by  Streptococci  in  1  Per  Cent  Fermented  Broth  at 
Incubator  and  Room  Temperature. 


Culture  No. 

Incubator  temperature. 

Room  temperature. 

Titration. 

Hydrogen  ion 
concentration. 

Titration. 

Hydrogen  ion 
concentration. 

per  cent 

PB 

per  cent 

PH 

1 

5.6 

4.8 

5.0 

4.9 

4A 

5.3 

4.9 

4.6 

4.9 

7 

5.0 

4.7 

5.1 

4.9 

13 

5.8 

4.8 

4.8 

4.8 

ISA 

4.9 

4.7 

4.4 

4.9 

20 

5.6 

4.7 

4.8 

4.9 

18 

6.0 

4.7 

6.9 

4.6 

21 

5.8 

4.8 

6.3 

4.4 

25  A 

5.3 

4.7 

6.7 

4.5 

26 

5.0 

4.8 

6.6 

4.6 

26  A 

5.4 

4.7 

6.8 

4.6 

30 

5.9 

4.8 

6.9 

4.6 

31 

5.2 

4.8 

6.7 

4.6 

32  A 

5.1 

4.9 

6.6 

4.6 

33 

5.4 

5.0 

6.7 

4.5 

35 

5.6 

4.9 

7.0 

4.5 

43 

6.0 

4.6 

6.5 

4.5 

45 

5.7 

4.8 

7.0 

4.4 

15 

5.8 

4.8 

6.9 

4.6 

16 

7.0 

4.6 

7.1 

4.5 

23 

5.6 

4.9 

6.8 

4.5 

29  A 

4.4 

4.9 

6.1 

4.5 

21  A 

6.0 

4.7 

6.5 

4.5 

25 

5.9 

4.7 

7.0 

4.5 

30  A 

4.4 

4.8 

6.0 

4.6 

27 

7.0 

4.5 

6.9 

4.5 

28 

7.0 

4.7 

6.7 

4.5 

34 

7.1 

4.9 

6.9 

4.5 

36 

7.1 

4.7 

7.0 

4.4 

resembled  the  sour  milk  tj^jes.  They  did  not  reduce  litmus  com- 
pletely and  failed  to  ferment  saccharose.  They  grew  as  well  at  38°C. 
as  at  room  temperature. 
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It  has  been  asserted  that  the  sour  milk  organisms  grew  better  and 
produced  more  acid  at  room  temperature.  Experimental  evidence 
that  this  is  the  case  is  offered  in  Table  III.  Duplicate  inoculations 
into  fermented  bouillon  of  the  same  lot  containing  1  per  cent  dextrose 
were  made;  one  set  was  incubated  at  38°C.,  the  other  at  room  tempera- 
ture. Titrations  and  hydrogen  ion  concentration  readings  were  made 
after  7  days.  All  cultures  grew  well  at  both  temperatures.  The 
results  are  given  in  Table  III. 

The  figures  indicate  that  cultures  of  the  mastitis  type  (Nos.  1,  4  A, 
7.  13,  18  A,  and  20)  produced  more  acid  when  grown  in  the  incubator. 
The  reverse  is  true  for  the  others  except  for  the  hemolytic  strains 
(Nos.  27,  28,  34,  and  36).  That  the  true  milk-souring  streptococci 
grow  better  at  ordinary  temperatures  (20-22°C.)  certainly  points  to 
other  sources  of  origin  than  the  saliva,  feces,  or  udder  of  cows.  Cul- 
tures 27,  28,  34,  and  36  differed  from  both  groups  in  many  characters. 
They  may  be  saprophytic  forms  which  have  gained  entrance  into  the 
udder  and  are  still  adapting  themselves  to  a  new  environment. 

The  pathogenic  properties  of  the  sour  milk  streptococci  have  been 
studied  by  so  many  that  further  experimental  evidence  seemed 
unnecessary.  IMany  have  reported  the  entire  lack  of  pathogenesis 
of  the  members  of  this  group  for  laboratory  animals.  Unfortunately 
such  findings  caimot  be  regarded  as  a  method  of  differentiation 
between  mastitis  and  sour  milk  streptococci,  since  the  mastitis  strep- 
tococci are  also  lacking  in  virulence  for  species  other  than  bovines. 

DISCUSSION. 

From  the  preceding  observations  it  seems  clearly  established  that 
the  lactic  acid  group  consists  of  at  least  three  species  of  organisms. 
Each  species  possesses  characters  which  differentiate  it  from  the 
streptococci  which  are  associated  -with,  mastitis  and  the  low  acid- 
producing  udder  forms. 

Sufficient  data  to  warrant  the  assertion  that  Streptococcus  lacticus 
is  an  udder  inhabitant  have  not  been  brought  forth.  Sherman  and 
Albus  first  showed  conclusively  that  there  existed  distinct  group 
differences  between  the  udder  and  the  milk-souring  streptococci. 
Aside  from  the  specific  cultural  differences  here  reported  a  number 
of  other  points  throw  light  on  the  question.     The  milk-souring  types 
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have  not  been  met  with  in  milk  drawn  directly  from  the  udder.  Such 
organisms  have  not  been  found  in  the  fresh  bottled  milk,  from  a 
dairy  where  a  great  many  examinations  of  udder  milk  have  been  made. 
Mastitis  and  udder  streptococci  are  usually  present  in  this  bottled 
milk.  The  milk-souring  group  grows  best  and  produces  more  acid 
at  a  temperature  of  20-22°C.  The  udder  streptococci  prefer  a  higher 
temperature  (38°C.). 

Rogers  and  Dahlberg^'  found  in  milk  in  a  few  instances  non-sac- 
charose-fermenting streptococci  which  attack  mannitol.  They  also 
studied  over  50  strains  of  udder  origin.  Among  these  but  one 
attacked  mannitol  without  acidulating  media  containing  saccharose. 
This  organism  liquefied  gelatin. 

Many  have  pointed  to  several  possible  sources  of  origin.  The 
saliva,  feces,  and  skin  of  cows  have  been  mentioned  particularly. 
The  specific  identifications  were  usually  made  on  morphological 
findings.  Many  of  the  streptococci  from  the  saliva,  skin,  and  feces 
do  resemble  the  lactic  acid  organisms  in  form,  but  they  differ  in  other 
essentials.  The  writer  has  isolated  35  strains  of  streptococci  from 
the  saliva  of  cows.  Although  mannitol  fermentation  occurred  in 
one-third  of  the  cultures,  every  strain  fermented  saccharose.  In 
addition  the  amount  of  titratable  acid  produced  in  dextrose  rarely 
exceeded  4  per  cent.  The  bovine  fecal  streptococci  were  character- 
ized by  their  ability  to  produce  large  amounts  of  acid  in  dextrose, 
lactose,  saccharose,  maltose,  raffinose,  inulin,  and  sahcin.  Mannitol 
was  not  fermented.  Streptococci  from  the  skin  produced  acid  in 
fermented  broth  containing  rafhnose,  saccharose,  and  mannitol  in 
addition  to  dextrose,  lactose,  maltose,  and  salicin.  One  feels  justified 
in  asserting  that  if  Streptococcus  lacticus  inhabits  these  regions  it 
exists  in  such  small  numbers  that  it  cannot  be  detected.  The  souring 
of  milk  cannot,  therefore,  be  attributed  to  the  usual  types  found  in 
the  saliva,  feces,  or  vagina  or  on  the  skin  of  cows. 

Sufficient  evidence  exists  to  rule  out  the  udder  or  mastitis  group 
as  the  usual  cause  of  souring  under  natural  conditions.  These  organ- 
isms are  readily  detected  in  bottled  milk,  but  cannot  be  found  in 
plate  cultures  prepared  from  milk  soured  for  3  or  4  days.     When. 

"  Rogers,  L.  A.,  and  Dahlberg,  A.  0.,  J.  Agric.  Research,  1913-14,  i,  491. 
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equal  amounts  of  cultures  of  lactic  acid  and  udder  streptococci  were 
added  to  tubes  of  sterile  milk,  the  udder  streptococci  multiplied  for 
24  hours.  Plates  prepared  from  such  milk  after  48  hours  at  room  or 
incubator  temperature  reveal  only  the  lactic  acid  type.  Under 
natural  conditions  probably  other  bacteria  so  alter  the  environment 
that  the  udder  group  is  able  to  survive  but  not  to  multiply  to  any 
considerable  degree. 

I  am  inclined  to  agree  with  Kruse  and  others  that  the  lactic  acid 
organisms  resemble  more  closely  the  genus  Streptococcus  than  the 
genus  Bacterium.  Their  growth  on  solid  media  and  their  fermentation 
characters  resemble  those  usually  associated  with  streptococci.  The 
name  Streptococcus  lacticus  I  is  suggested  for  the  largest  group  (Table 
II),  characterized  by  the  fermentation  of  dextrose,  lactose,  maltose, 
salicin,  and  maimitol  and  their  inability  to  attack  saccharose,  raffinose, 
and  inulin.  Streptococcus  lacticus  II  may  be  considered  as  differing 
from  the  fomaer  group  in  its  ability  to  ferment  saccharose  in  addition 
to  dextrose,  lactose,  maltose,  mannitol,  and  salicin. 

SXJMMARY. 

A  well  defined  group  of  rod-like  and  coccoid  organisms  arranged 
in  pairs  and  chains  has  been  encountered  in  sour  milk.  The  group 
comprises  at  least  three  species ;  the  largest  nimiber  ferment  dextrose, 
lactose,  maltose,  mannitol,  and  salicin,  and  fail  to  ferment  saccha- 
rose, rafiinose,  and  inulin.  A  smaller  number  ferment  saccharose  in 
addition  to  dextrose,  lactose,  maltose,  mannitol,  and  salicin.  A  few 
fail  to  attack  mannitol.  All  three  types  grow  liucuriantly  at  room 
temperature,  coagulate  milk,  reduce  litmus,  and  produce  large  amounts 
of  acid  in  fermented  bouiUon  containing  dextrose. 

Specific  morphological  and  cultural  differences  exist  between  the 
lactic  acid  streptococci  and  those  associated  with  mastitis  and  those 
occurring  in  the  udder.  The  lactic  acid  organisms  outgrow  the  udder 
streptococci  in  the  milk-souring  process.  WTien  both  types  are 
implanted  in  sterile  milk  the  udder  typt  soon  disappears. 


PREPARATION  OF  COLLODION  SACS  FOR  USE  IN 
BACTERIOLOGY. 

By  FREDERICK  L.  GATES,  M.D. 

{From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 
(Received  for  publication,  June  28,  1920.) 

Metchnikoff,  Roux,  and  Taurelli-Salimbeni'  state  that  Fick  in  1856  was  the 
first  to  suggest  the  use  of  semipermeable  collodion  membranes  in  biology.  Cer- 
tainly a  general  interest  in  the  properties  of  these  membranes  from  the  bacterio- 
logical standpoint  dates  from  their  own  report  in  1896  of  the  intoxication  of  guinea 
pigs  from  the  diffusion  of  cholera  toxin  through  the  walls  of  collodion  sacs  contain- 
ing cultures  of  the  vibrio  and  placed  in  the  peritoneal  cavity.  Since  then  a  con- 
siderable number  of  articles  on  collodion  sacs  have  appeared,  which  it  is  not 
within  the  province  of  this  paper  to  review.  It  suffices  here  to  note  that  the  use 
of  collodion  sacs  has  been  almost  constantly  attended  with  difficulties  in  manu- 
facture, standardization,  and  mode  of  employment  which  have  precluded  their 
widespread  use  in  bacteriology.  There  is  at  present  no  established  bacteriological 
technique  involving  the  intraperitoneal  implantation  of  coUodion  sacs. 

Heretofore  most  of  the  studies,  whatever  their  primary  object,  have  come 
at  last  to  deal  mainly  with  the  properties  of  coUodion  sacs  themselves,  especially 
their  permeability  to  a  variety  of  substances,  rather  than  with  their  use  as  an 
instrument  for  the  furtherance  of  bacteriological  research.  The  exceptions,  how- 
ever, are  noteworthy.  In  addition  to  the  demonstration  of  a  soluble  diffusible 
toxin  of  the  cholera  vibrio,  noted  above,  mention  may  be  made  of  Vincent's* 
enhancement  of  the  virulence  of  saprophytes,  B.  megaterium  and  B.  mesentericus, 
by  collodion  sac  passage  through  rabbits;  of  Nocard  and  Roux's''  demonstration 
of  changes  in  collodion  sac  contents  suggestive  of  the  multipHcation  of  inoculated 
material  from  pleuropneumonia  of  cattle;  and  of  Nocard's^  studies  on  the  relation 
of  human  to  avian  tuberculosis  by  the  growth  of  the  human  bacilli  in  sacs  in  the 
peritoneum  of  the  chicken.  All  these  papers  appeared  in  1896  or  1898  from  the 
Pasteur  Institute  and  with  a  few  exceptions  represent  the  total  of  the  contribu- 
tions made  to  bacteriology  by  the  intraperitoneal  use  of  collodion  sacs. 

*  Metchnikoff,  E.,  Roux,  E.,  and  Taurelli-SaUmbeni,  Aim.  hist.  Pasteur,  1896, 
X,  257. 

*  Vincent,  M.  H.,  Ann.  Inst.  Pasteur,  1898,  xii,  785. 

'  Nocard,  M.,  and  Roux,  E.,  Ann.  Inst.  Pasteur,  1898,  xii,  240. 

*  Nocard,  M.,  Ann.  Inst.  Pasteur,  1898,  xii,  561. 
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Collodion  sacs  seem  to  afford  a  general  method  for  the  cultivation 
of  bacteria  in  pure  culture  under  conditions  approaching  the  invasion 
of  a  host;  the  bacteria  are  free  to  yield  soluble  diffusible  products 
which  might  affect  the  animal  and  to  obtain  nutritive  substances 
from  the  animal  tissues,  yet  they  are  protected  against  phagocytic 
attack  and,  to  some  extent  certainly,  from  exposure  to  antibodies. 
The  successful  transmission  of  one  human  infection  after  another  to 
animals  previously  supposed  to  be  immune  emphasizes  the  importance 
of  new  methods  and  new  channels  of  infection,  and,  in  view  of  the 
experiments  from  the  Pasteur  Institute  already  mentioned,  suggests 
the  further  use  of  collodion  sacs  for  the  maintenance  of  bacterial 
growth  intraperitoneally. 

It  was  with  these  considerations  in  mind,  and  especially  with  the 
object  of  developing  another  method  by  which  the  inciting  agent  in 
certain  diseases  of  unknown  origin  might  be  sought,  that  we  have 
tried  to  obtain  a  standardized  technique  for  the  manufacture  and 
manipulation  of  collodion  sacs.  The  reqiurements  are  that  sacs  of 
suitable  size  and  shape  may  be  easily  made  in  large  numbers,  that 
they  shall  be  uniformly  strong  and  highly  permeable,  and  that  they 
may  be  easily  sterilized  and  handled  without  danger  of  contamination 
before  and  after  incubation  in  the  animal  body.  In  the  method  to  be 
described  these  problems  have  been  given  especial  consideration. 
While  methods  formerly  in  use  have  been  freely  drawn  upon,  certain 
essential  modifications  have  been  found  necessary,  and  it  appears 
desirable  to  report  the  technique  in  detail  so  that  it  may  be  followed 
with  exactness. 

Following  the  method  of  Prudden  and  McCrae,^  as  modified  by 
Harris,'^  the  collodion  sacs  here  described  were  made  on  a  gelatin 
capsule  foundation  which  was  then  dissolved  out  with  hot  water. 
The  procedure  is  as  follows : 

Preparation  of  the  Sacs. 

A  small  piece  of  thin  walled  glass  tubing  5  by  0.5  cm.,  the  edges  of 
which  have  been  smoothed  in  the  flame,  is  heated  slightly  at  one  end 
and  pressed  against  the  rounded  end  of  the  cap  of  a  large  veterinary 

»  McCrae,  J.,  /.  Exp.  Med.,  1900-01,  v,  635. 

•Harris,  N.  MacL.,  Cenlr.  Bakt.,  He  AM.,  Orig.,  1902,  xxxii,  74. 
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capsule  (4.8  by  1.6  cm.),'  to  which  it  adheres.  With  a  hot  wire  a 
hole  is  burned  through  the  cap  into  the  glass  neck.  The  open  end 
of  the  body  of  the  capsule  is  momentarily  dipped  Just  beneath  the 
surface  of  very  hot  water,  applied  to  the  cap,  and  thus  sealed  in  with 
an  overlap  of  about  2  mm.  Slight  suction  with  the  lips  discloses 
whether  the  joint  is  tight.  If  not,  a  drop  of  hot  water  is  touched  to 
the  leak.  After  drjang,  this  framework  is  ready  for  the  first  dip  in 
collodion. 

Collodion  solutions  of  two  different  consistencies  are  required,  one 
for  reinforcement,  the  other  for  the  permeable  membrane.  After 
some  experiment  Squibb's  collodion  u.  s.  p.  ix  was  found  satisfactory, 
though  a  4  per  cent  collodion,  as  a  basis,  may  be  made  up  from  the 
formula,  absolute  alcohol  25  parts,  ether  75  parts,  pyroxylin  4  parts. 
Squibb's  4  per  cent  collodion  or  this  solution  of  pyroxylin  is  too  thin 
to  give  a  proper  membrane  with  one  dip,  but  higher  percentages  of 
pyroxyKn  do  not  readily  dissolve,  and  it  is  found  most  convenient 
to  obtain  the  thicker  solutions  by  evaporation.  This  is  accomplished 
under  vacuum  mth  the  application  of  gentle  heat  (water  bath). 
The  collodion  boils  rapidly,  and  evaporation  is  measured  by  the  loss 
in  volume. 

The  12  per  cent  collodion  required  for  the  permeable  membrane 
and  the  14  to  15  per  cent  collodion  required  for  reinforcement  are 
obtained  by  evaporating  4  per  cent  collodion  to  one-third  or  less  of 
its  original  volmne.  For  evaporating  and  for  dipping,  museum  jars 
20  by  6.5  cm.,^  with  clamped  tops  and  rubber  gaskets,  are  used. 

Of  the  entire  surface  of  the  gelatin  capsule,  the  body  is  to  be  covered 
by  the  permeable  membrane  of  the  sac,  and  the  cap  by  the  heavier 
impermeable  wall  of  collodion  which  serves  to  strengthen  and  support 
the  membrane.  This  impermeable  part  is  made  first  by  dipping  the 
inverted  gelatin  capsule  (held  by  wedging  the  somewhat  conical 
body  into  the  end  of  a  test-tube)  neck  downward  into  the  15  per  cent 
collodion  to  a  depth  that  just  covers  the  joint  between  body  and  cap.' 
The  capsule  is  dipped  and  withdrawn  slowly  to  avoid  air  bubbles  in 

'Parke,  Davis  and  Company,  Detroit,  Mich.,  Empty  Capsules  No.  12.  A 
capsule  of  any  suitable  size  may  be  used. 

'  WhitaU  Tatum  and  Company,  Philadelphia,  Pa. 

'  The  open  end  of  the  glass  neck  may  be  covered  with  a  bit  of  adhesive 
plaster. 
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the  angle  between  neck  and  shoulder  and  to  allow  excess  collodion 
to  run  down  the  neck.  After  a  few  moments  the  collodion  sets  and 
ceases  to  flow,  and  the  capsule,  still  held  in  the  test-tube  mouth,  is 
inverted  and  set  aside  to  dry.  Before  drying  is  complete  the  excess 
collodion  is  cut  away  from  the  glass  neck  with  a  knife,  lea\ang  a  collar 
7  mm.  high  that  effectually  joins  sac  and  neck  together  when  it  dries. 
This  heavy,  dry  collodion  membrane  seals  and  reinforces  the  joints 
between  body  and  cap  and  between  cap  and  glass  neck. 

The  sacs  may  be  identified  by  means  of  small  numbered  paper 
labels  sealed  into  the  wall.  Tiny  rectangles  of  very  thin  paper  are 
numbered  with  India  ink.  These  are  cut  apart,  curved  slightly  on 
a  blotter  with  the  rounded  end  of  a  test-tube,  dipped  with  forceps 
into  thin  collodion  and  applied  to  the  dry  membrane  just  below  the 
shoulder,  where  they  adhere  and  become  a  permanent  part  of  the 
wall  (Text-fig.  1). 

The  capsules  are  now  ready  for  the  final  dip.  They  are  to  be 
handled,  after  the  sacs  are  made,  in  120  cc.  (4  ounce)  wide  mouth 
bottles  with  rubber  stoppers.  These  stoppers  have  one  hole  centrally 
placed  for  the  glass  neck,  and  a  second  peripherally,  which  equalizes 
pressure  in  the  bottle  and  the  sac.  On  account  of  its  greater  elasticity 
and  resistance  to  autoclaving,  a  length  of  stethoscope  tubing  makes  a 
good  core  for  the  central  hole  in  the  rubber  stopper.  The  hole  is 
cut  with  a  cork  borer  slightly  smaller  than  the  tubing,  which  is  seized 
with  forceps,  pulled  through  with  a  projection  of  1  cm.  on  the  upper 
side  of  the  stopper,  and  cut  off  flush  with  the  bottom.  The  use  of 
the  projection  will  be  described  later. 

The  neck  of  the  reinforced  capsule  is  inserted  into  the  rubber  stop- 
per. The  capsule  is  then  slowly  lowered  into  12  per  cent  collodion  in 
the  jar  with  a  rotary  to  and  fro  motion  which  reduces  the  incidence 
of  air  bubbles.  It  is  immersed  to  the  neck  in  the  collodion,  so  that  the 
joints  at  neck  and  body  are  reinforced.  On  withdrawal,  the  coated 
capsule  is  suspended  above  the  collodion  by  means  of  a  slotted  card 
slipped  under  the  stopper  and  is  allowed  to  drain  a  definite  length 
of  time,  as  will  be  described.  The  membrane  dries  very  little  during 
this  draining  because  of  the  ether-alcohol  tension  above  the  collodion. 
If  a  drop  hangs  from  the  capsule  at  the  end  of  the  drainage  time  it  is 
removed  by  touching  it  to  the  surface  of  the  collodion  solution.     The 
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Text-Fig.  1. 


Text-Fig.  3. 


Text- Fig.  1.  Cross-section  of  a  completed  collodion  sac  in  its  protecting  bottle. 
The  various  steps  in  the  preparation  of  the  sac  are  explained  in  the  text. 

Text-Fig.  2.  A  Pasteur  pipette  prepared  for  dry  sterilization. 

Text-Fig.  3.  A  sac  in  its  cup  and  test-tube,  after  the  neck  has  been  sealed  off 
in  a  small  blast  flame. 
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capsule  is  rapidly  withdrawn  from  the  jar  and  inverted  to  dry  in  the 
air  for  1  to  2  minutes.  It  is  then  lowered  into  95  per  cent  alcohol  in 
a  4  ounce  wide  mouth  bottle,  where  the  collodion  membrane  fmally 
sets. 

The  capsule  with  its  collodion  coating  may  remain  in  the  alcohol 
indefinitely,  but  a  few  minutes  are  sufficient  to  extract  the  remaining 
ether  and  saturate  the  membrane  with  95  per  cent  alcohol.  As  the 
viscosity  of  the  collodion  and  the  drainage  determine  the  thickness  of 
the  sac,  so  the  drying  and  the  alcohol  treatment  determine  its 
permeability. 

After  treatment  in  95  per  cent  alcohol  the  capsule  is  plunged  into 
cold  water  until  the  alcohol  is  removed  and  the  gelatin  capsule  frame- 
work softens,  a  matter  of  an  hour  or  less.  The  gelatin  is  then  thor- 
oughly washed  out  Avith  a  stream  of  hot  water.  For  this  purpose  we 
have  used  a  board  with  holes  to  accommodate  twelve  stoppers,  resting 
on  a  basin  of  hot  water.  From  the  faucet,  distributing  tubes,  ending 
in  glass  capillaries  which  are  just  long  enough  to  reach  into  the  sacs 
but  not  to  pierce  their  bottoms,  carry  in  the  hot  water  and  so  wash 
the  dissolved  gelatin  out  through  the  neck.  An  hour  or  so  of  washing 
leaves  the  completed  sac,  attached  to  its  glass  neck  by  the  collar  of 
heavy  collodion.  It  is  then  emptied  with  a  Pasteur  pipette  and  tested 
for  strength  and  imperfections.  Each  sac  must  withstand  an  internal 
pressure  of  at  least  25  cm.  of  mercury  (5  pounds  per  square  inch). 
The  empty  sac  is  immersed  in  distilled  water  in  a  4  ounce  bottle,  and 
the  second  hole  in  the  stopper  is  connected  by  a  stub  of  glass  tubing 
with  a  vacuum  pump  and  gauge.  The  air  in  the  bottle  is  exhausted 
25  cm.  A  stream  of  air  bubbles  from  the  surface  of  the  sac  reveals 
any  leak.  If  bubbles  in  the  collodion  were  carefully  avoided  a  leak 
is  rare.    Imperfect  sacs  are  not  worth  repairing  and  are  discarded. 

The  sac  is  then  filled  to  the  neck  with  distilled  water  and  is  ready 
for  the  autoclave.  The  expansion  of  water  on  autocla\'ing  is  some- 
times sufficient  to  cause  an  overflow,  and  consequent  loss  of  water 
on  cooling.  The  projection  of  the  stethoscope  tubing  above  the 
stopper  is  therefore  fitted  with  a  short  length  of  glass  tubing  open  at 
the  top.  This  forms  an  expansion  chamber,  from  which  the  water 
drains  back  into  the  sac  on  cooling.  To  prevent  contamination  the 
glass  tube  is  capped  by  a  short,  loosely  fitting,  inverted  test-tube. 
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The  top  of  the  bottle  is  swathed  in  raw  cotton  and  covered  with  paper, 
tied  on.  In  this  way  contamination  of  either  the  inside  or  outside 
of  the  sac  is  avoided,  and  the  sac  is  protected  indefinitely  for  future 
use.  Ten  or  twelve  sacs  are  thus  prepared  at  one  time  and  then 
autoclaved  at  15  pounds  pressure  for  30  minutes  (Text-fig.  1). 

Mode  of  Use. 

Before  discussing  permeability,  which  is  the  vital  factor  in  the 
collodion  sac  technique,  the  mode  of  inoculation  and  peritoneal 
implantation  may  be  described  briefly. 

The  most  convenient  instrument  for  filling  and  emptying  the  sacs 
and  preserving  their  contents  is  a  Pasteur  pipette.  Those  which  we 
use  are  made  in  quantities  in  the  laboratory  from  24  cm.  lengths  of 
rather  heavy  glass  tubing  pulled  out  in  the  middle  and  sealed  off  to 
make  two  pipettes.  A  bulb  about  2  cm.  in  diameter  is  then  blown 
just  above  the  shoulder.  The  requisites  are  very  hot  glass  and  gentle 
pressure.  The  tip  is  cut  just  to  reach  the  bottom  of  a  Noguchi 
culture  tube  (20  by  1.5  cm.),  and  a  wrapping  of  cotton  below  the 
bulb  acts  as  a  stopper  for  the  tube,  in  which  the  pipette  is  dry  steril- 
ized (Text-fig.  2).  With  these  pipettes  the  sacs  are  fiJIed,  and  after 
incubation  the  sac  contents  are  similarly  withdrawn  and  transferred 
to  the  test-tube  which  has  protected  the  pipette  from  contamination. 
Then  the  pipette  with  its  cotton  collar  serves  as  a  plug  for  the  tube 
and  is  used  for  subsequent  withdrawal  of  fluid  for  examination. 

Inoculation  of  small  quantities  of  material  into  media  in  the  sacs 
is  accompKshed  with  a  platinum  loop  or  a  small  sterile  Wright  pipette 
plugged  with  cotton.  Such  a  pipette,  flamed,  and  bent  into  a  V 
saves  the  use  of  a  Pasteur  pipette  in  emptying  out  the  distilled  water 
from  the  sterilized  sac  preparatory  to  use.  The  bottle  is  inverted, 
the  small  arm  of  the  pipette  inserted  upward  through  the  neck,  and 
gentle  breath  pressure  expels  the  distilled  water  without  danger  of 
air  contamination. 

After  being  filled  to  the  neck  with  a  suitable  medium  and  inoculated 
with  bacteria  or  suspected  material,  the  sac  is  withdrawn  from  the 
protecting  bottle  and  the  neck  sealed  off  smoothly  in  a  small  blast 
flame.  During  this  process  and  subsequently,  contamination  of  the 
outside  of  the  sac  is  avoided  by  carrying  it  in  a  short  glass  cup  with 
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a  flat  bottom  so  that  it  will  stand  upright.  Those  used  in  the  present 
work  were  made  from  6  dram  homeopathic  vials  cut  off  with  a  hot 
wire  and  a  plunge  into  cold  water.  They  are  wider  than  the  sacs 
and  about  3  cm.  long,  so  that  the  shoulder  and  neck  project.  The 
cups  are  sterilized  by  dry  heat  in  wide  test-tubes.  When  the  neck 
of  the  sac  is  to  be  sealed  off,  one  hand  holds  a  cup  containing  the  sac, 
while  the  other  hand  manipulates  the  rubber  stopper.  The  cup, 
with  its  sac,  is  reinserted  into  the  inverted  test-tube  until  the  neck 
has  cooled  (Text-fig.  3).  The  neck  is  then  painted  with  a  layer  of 
collodion,  which  fuses  with  the  collodion  collar  and  so  prevents  the 
possibility  of  leakage  between  collar  and  neck.  After  a  few  minutes 
drying  the  sac  is  ready  for  intraperitoneal  insertion.  This  is  done 
aseptically  under  full  ether  anesthesia  through  a  short  incision  in  the 
abdominal  wall  above  the  umbilicus.  The  surgical  technique  need 
not  be  described,  except  to  say  that  the  incision  should  be  sewed  up 
firmly  in  layers.  Metal  skin  clips  save  time.  A  dressing  of  cotton 
and  collodion  is  sufficient.     No  bandage  is  required. 

As  many  as  eight  such  sacs  have  been  tolerated  by  an  adult  rabbit 
without  any  apparent  discomfort.  The  tissue  reactions  which  often 
occur  around  the  sacs  toII  be  discussed  later.  After  an  appropriate 
incubation  period  the  rabbit  is  killed  by  an  occipital  blow  and  the 
sacs  are  recovered  through  a  wide  abdominal  incision.  They  are 
again  dropped  into  the  glass  cups,  opened  at  the  shoulder  with  a 
hot  wire  loop,  and  their  contents  transferred  to  a  Noguchi  tube  by 
means  of  its  Pasteur  pipette. 

General  Characteristics  of  the  Sacs. 

Sacs  made  as  just  described  have  a  capacity  before  autoclaving 
of  from  6.5  to  7  cc.  The  upper  third  is  a  tough,  impermeable  wall 
which  supports  the  glass  neck  and  the  permeable  bottom.  The 
lower  two-thirds,  with  a  surface  area  of  about  14  sq.  cm.,  is  a  thinner, 
moist,  elastic  membrane  of  high  permeability.  It  is  hea\'y  enough, 
however,  to  stand  immersion  in  water  without  collapsing  and  to 
withstand  an  internal  pressure  of  5  pounds  per  square  inch.  Such 
sacs  rarely  break  during  incubation.  The  walls  of  the  sac  are  colorless 
and  transparent. 
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Autoclaxing  at  15  pounds  pressure  for  30  minutes  causes  a  uniform 
shrinkage  to  a  capacity  of  4.7  to  4.2  cc,  corresponding  to  a  diminution 
in  surface  area  of  approximately  25  to  30  per  cent.  Permeability  is 
somewhat  diminished  but  remains  high.  The  shape  and  transparency 
of  the  sac  are  unaltered.  The  sacs  may  be  kept  sterile  in  distilled 
water  in  their  bottles  for  months  without  appreciable  loss  in  perme- 
ability, but  the  walls  tend  to  become  more  brittle  and  inelastic. 

Permeability. 

The  permeability  of  the  membranes  has  been  tested  in  a  number 
of  ways.  The  quantitative  test  by  which  variations  in  materials  and 
methods  of  manufacture  were  compared  consisted  in  dialyzing  a  2 
M  solution  of  sodium  chloride  within  the  sac  against  20  or  25  volimies 
of  distilled  water  and  titrating  a  sample  of  the  dialysate  from  time  to 
time  with  0.02  m  silver  nitrate  solution,  sodiimi  chromate  being  used 
as  indicator.  The  quantitative  relations  were  such  that  when  equi- 
librium was  reached  1  cc.  of  the  dialysate  would  precipitate  5  cc. 
(or  4  cc.)  of  the  silver  solution  as  silver  chloride. 

In  1915  Brown'"  contributed  a  careful  study  of  collodion  membranes 
and  showed  in  particular  that  the  permeability  of  membranes  could 
be  accurately  controlled  by  complete  drying,  followed  by  immersion 
in  ethyl  alcohol  of  a  definite  dilution.  Alcohol  dilutions  below  30 
per  cent  confer  practically  no  permeability  on  an  air-dried  membrane. 
95  per  cent  alcohol  produces  a  high  degree  of  permeability.  In 
preliminary  experiments  Brown's  results  were  fuUy  confirmed,  and  the 
value  of  his  discovery  was  appreciated.  His  membranes,  however, 
were  prepared  for  chemical  dialysis  and  did  not  require  sterilization. 
On  trial  it  was  found  that  air-dried  membranes,  rendered  permeable 
by  alcohol  treatment,  lost  their  permeability  again  upon  sterilization 
by  heat.  On  the  other  hand,  sacs  which  were  not  allowed  to  dry 
before  immersion  in  alcohol  lost  little  in  permeability  by  sterilization 
in  the  Arnold  sterilizer  or  the  autoclave.  Since  highly  permeable 
sacs  were  desired,  95  per  cent  alcohol  was  used  as  a  routine. 

Viscosity  of  the  Collodion. — The  percentage  of  pyroxylin  in  the 
collodion  determines  its  \'iscosity,  and  viscosity  in  turn  determines 

"  Brown,  W.,  Biochem.  J.,  1915,  ix,  591. 
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the  thickness  of  the  collodion  coating  that  will  adhere  to  the  dipped 
capsule.  On  account  of  rapid  evaporation  of  the  solvents  the  solution 
must  be  tested  frequently  and  maintained  at  approximately  the 
proper  density.  Commercial  collodions  vary  considerably  in  density, 
and  it  is  not  a  safe  rule  to  evaporate  a  so  called  4  per  cent  or  u.  s.  p. 
collodion  to  one-third  of  its  volume  to  obtain  a  12  per  cent  solution. 
The  percentage  of  pyroxylin  in  the  solution  may  be  measured 
directly  by  weighing  a  specimen  before  and  after  evaporation  to 
dryness.  But  this  is  not  a  convenient  method,  except  as  a  check 
and  to  standardize  a  simple  xiscosimeter  by  which  the  thick  collodions 
may  be  readily  tested  and  compared. 

The  viscosimeter  which  we  use  consists  merely  of  a  15  cm.  length  of  Pyrex 
glass  tubing,  with  square-cut  ends,  the  internal  diameter  of  which  happens  to  be 
0.365  cm.  Near  the  middle  of  this  tube  file  marks  measure  a  distance  of  5  cm. 
The  tube  is  dipped  into  the  collodion  to  be  tested,  a  column  is  drawn  up  by  suc- 
tion well  beyond  the  upper  file  mark,  and  the  tube  is  withdrawn.  As  the  column 
is  then  released  in  the  vertical  tube  a  stop-watch  is  used  to  time  the  meniscus 
over  the  measured  distance  of  5  cm.  12  per  cent  collodion  at  20°C.  requires 
15=*=  seconds  to  flow  past  the  marks  on  the  viscosimeter  used. 

Having  standardized  such  a  simple  instrument  it  is  easy  to  maintain 
thick  collodion  at  the  proper  density  by  frequent  tests  and  the  addition 
of  ether  and  absolute  alcohol  3 : 1  to  compensate  for  evaporation. 

An  even  simpler  method  of  determining  \-iscosity,  and  one  which 
is  probably  sufficiently  accurate  for  the  purpose,  is  to  time  the  flow 
of  collodion  from  a  dipped  capsule  until  the  stream  breaks  and  is 
succeeded  by  a  series  of  drops.  This  time  interval  increases  rapidly 
with  the  density  of  the  collodion.  In  one  test,  for  example,  it  in- 
creased from  12  seconds  with  a  10  per  cent  collodion  to  1  minute, 
15  seconds  with  the  same  collodion  evaporated  to  approximately  12.7 
per  cent.     The  stream  should  flow  about  1  minute  before  breaking. 

The  hea\der  collodion  used  for  the  neck  and  shoulder  of  the  sac 
need  not  be  standardized.  We  use  it  so  thick  that  it  will  just  flow 
smoothly,  with  no  tendency  to  "jell."  CoUodion  that  has  been  used 
for  permeable  membranes  until  it  has  lost  its  clear  transparency  will 
serve  the  purpose. 

Detenni7iation  of  the  Draining  Time. — The  length  of  time  that  drain- 
age is  allowed  to  proceed  influences  the  thickness  of  the  collodion 
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coating  and  the  evenness  of  its  distribution  over  the  surface  of  the 
capsule.  Pro\'ided  the  first  few  drops  are  permitted  to  fall  after  the 
stream  of  collodion  has  broken,  little  is  gained  by  prolonging  the 
drainage.  As  will  be  shown  later,  slight  variations  in  thickness  are 
of  minor  importance,  and  sufficient  uniformity  is  obtained  by  allowing 
a  definite  number  of  drops  to  form  and  fall. 

Experiment  1. — From  five  sacs,  after  dipping,  an  unbroken  stream  of  collodion 
flowed  for  an  average  of  1  minute,  16  seconds.  Successive  drops  then  fell  after 
1  minute,  26  seconds;  1  minute,  52  seconds;  2  minutes,  32  seconds;  and  3  minutes, 
29  seconds  on  the  average.  After  2  drops  had  fallen,  40  seconds  were  required 
to  reduce  the  thickness  of  the  membrane  by  the  amount  of  1  drop  of  collodion, 
and  57  seconds  were  required  for  the  following  drop  to  form. 

It  is  hardly  profitable  to  prolong  the  drainage  time  beyond  the 
separation  of  the  first  few  drops. 
Effect  of  the  Drying  Time  on  Permeability. — 

Experiment  2. — Five  collodion  sacs  were  made  on  No.  12  gelatin  capsules  by 
dipping  once  in  12  per  cent  collodion,  draining  2  minutes,  and  drying  for  various 
intervals,  as  shown  in  Table  I,  before  immersion  in  95  per  cent  alcohol  for  1  hour. 

TABLE  I. 


Drying  time. 

Sterilization. 

Capacity. 

Before 
sterilization. 

After 
sterilization. 

81 
76 

82 
80 
73 

0 

IS  sec. 
30    " 

1  min. 

Ihr.* 

Arnold  sterilizer,  3  hrs. 
Autoclave,  30  min. 
Arnold  sterilizer,  3  hrs. 
Autoclave,  30  min. 
Arnold  sterilizer,  3  hrs. 

6.4 
6.2 
6.4 
6.1 
7.3 

cc. 

4.6 

4.8 
4.7 
4,6 
6.2 

Completely  dry  in  1  hour. 


The  permeability  of  the  sacs  to  sodium  chloride  was  determined  both  before 
and  after  sterilization  and  is  shown  in  Text-fig.  4.  Sodium  chloride  diffused  much 
more  rapidly  through  the  sacs  which  were  not  completely  air-dried  before  the  alco- 
hol treatment.  Sterilization,  whether  in  the  Arnold  sterilizer  at  100°C.  or  in  the 
autoclave  at  15  pounds  pressure,  did  not  greatly  impair  the  permeabiUty,  not- 
withstanding the  shrinkage  which  accompanied  the  process.    The  air-dried  sac, 
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No.  73,  on  the  other  hand,  shrank  less  during  sterilization,  but  its  pcrmcabDity 
was  so  far  lost  in  the  Arnold  sterilizer  that  no  measurable  amount  of  sodium  chlo- 
ride had  passed  through  it  in  6  hours,  and  only  1.30  units  (on  a  scale  of  S)  had 
passed  in  48  hours. 
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Text-Fig.  4.  Experiment  2.  The  cross-hatched  area  covers  variations  in  per- 
meability of  Sacs  81,  76,  82,  and  80  (Table  I)  before  sterilization.  The  stippled 
area  covers  variations  in  permeability  of  these  sacs  after  sterilization.  The  broken 
line  is  the  permeability  curve  of  Sac  73,  dried  before  the  alcohol  treatment.  Sac 
73,  after  sterUization,  passed  no  measurable  amount  of  sodium  chloride  in  6 
hours. 

Experiment  3. — In  a  similar  experiment  four  sacs  were  dipped  once,  drained  3 
minutes,  dried  1,  2,  3,  and  4  minutes  respectively,  and  treated  with  95  per  cent 
alcohol  over  night.  Their  capacities  before  sterilization  were  6.3,  6.1,  6.0,  and 
6.5  cc,  and  they  shrank  to  4.9,  4.7,  4.7,  and  5.3  cc.  in  the  autoclave.  Their  per- 
meability before  and  after  autoclaving  is  shown  in  Text-fig.  5. 

From  these  two  experiments  it  is  evident  that  variations  in  the 
drying  time  have  little  influence  on  permeability,  provided  the  mem- 
brane is  Still  moist  when  immersed  in  alcohol.     Sacs  dried  for  30 
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seconds  to  1  minute  are  the  most  satisfactory.  If  plunged  immedi- 
ately into  alcohol  after  drainage  they  tend  to  wrinkle  and  to  show 
a  smoky  bluish  opacity,  and  they  are  not  so  tough  and  strong  as  the 
partly  air-dried  sacs. 
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Text-Fig.  5.  Experiment  3.  The  cross-hatched  area  covers  variations  in 
permeability  of  four  sacs  before  sterilization.  The  stippled  area  covers  vari- 
ations in  permeability  of  the  same  sacs  after  sterilization.  The  broken  line  is  the 
permeability  curve  of  Sac  88,  not  treated  with  alcohol  before  sterilization. 


Importance  of  the  Alcohol  Treatment. — Other  experiments  indicate 
that  treatment  in  95  per  cent  alcohol  for  as  short  a  time  as  1  minute 
is  sufficient  to  insure  sacs  of  high  permeability.  It  is  only  necessary 
that  the  alcohol  should  replace  the  ether-alcohol  solvent  of  the  col- 
lodion before  the  membrane  is  set  by  immersion  in  water.  The 
importance  of  the  alcohol  treatment  is  illustrated  in  Text-fig.  5  by 
the  permeability  curve  of  Sac  88,  which  was  drained  1.5  minutes, 
dried  30  seconds,  and  then  plunged  into  water  without  the  preliminary 
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immersion  in  alcohol.  Although  this  sac  was  made  of  the  same  col- 
lodion as  the  others  and  shrank  only  from  6.9  cc.  to  6.5  cc.  during 
sterilization,  its  permeability  to  sodium  chloride  was  much  less 
than  that  of  alcohol-treated  sacs. 

Shrinkage  of  the  Sacs  during  Sterilization. — -The  hot  water  used  to 
wash  out  the  gelatin  framework  of  the  sacs  causes  an  initial  loss  in 
capacity  from  7+  cc.  to  about  6.6  cc.  Sterilization  by  heat  further 
shrinks  the  membrane  to  an  average  capacity  of  4.5  cc.  The  loss 
in  capacity  and  permeability  due  to  heating  is  absolute  and  does 
not  continue  once  the  limit  is  reached. 

Experiment  4.  Effect  of  Re-Autoclaving. — Four  sacs,  dipped  once  in  12  per  cent 
collodion,  drained  1.5  minutes,  dried  30  seconds,  and  immersed  in  95  per  cent 
alcohol  for  1  hour,  were  autoclaved  at  IS  pounds  pressure  for  30  minutes.  Two 
of  the  sacs  were  then  re-autoc!aved  under  similar  conditions.  The  capacity  of 
the  first  two  sacs  was  4.5  and  5.1  cc.  respectively,  of  the  second  two  4.4  and  5.05 
cc.  All  four  sacs  had  a  practically  identical  permeability  as  shown  by  Text-fig. 
6.  The  curve  incidentally  illustrates  the  uniformity  of  collodion  sacs  made  as 
described  above. 


■a 

3 
cr 

p- 

n 
O 

'Z 

<: 

sis 


o 
o 


Hours  0 


Text-Fig.  6.  Experiment  4.  The  solid  black  area  covers  variations  in  permea- 
bility of  four  sacs,  two  of  which  were  autoclaved  once,  the  other  two  autoclaved 
twice. 
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The  relation  between  the  diminution  in  capacity  and  in  surface 
area  of  the  sacs  on  sterilization  is  shown  in  the  following  experiment. 

Experiment  5. — Eight  sacs  made  in  an  identical  manner  from  the  same  collo- 
dion solution  were  divdded  into  two  groups  of  four  each.  After  volume  measure- 
ments had  been  taken,  four  of  the  sacs  were  autoclaved  and  their  capacities  again 
determined.  All  the  sacs  were  then  cut  open  so  that  they  could  be  flattened  out, 
shadowgraphs  were  made  on  photographic  paper,  and  the  areas  measured  with  a 
planimeter.  The  average  measurements  are  shown  in  Table  II,  in  which  are 
included  similar  figures  for  two  sacs  that  were  completely  dried  before  the  alcohol 
treatment. 

TABLE    n. 


Volume. 

Surface. 

Condition  and  No. 
of  sacs. 

Before 
autoclaving. 

After  autoclaving. 

Before 
autoclaving. 

After  autoclaving. 

Body. 

Total. 

Body. 

Total. 

Body. 

Total. 

Body. 

Total. 

Two  dried  sacs. 

cc. 

cc. 

cc. 

4.9 

cc. 
6.95 

sq.  cm. 

sg.  cm. 

sq.  cm. 

14.3 

sq.  cm. 

21.9 

Four  undried  sacs; 

not  autoclaved. 
Four  undried  sacs; 

autoclaved. 

Capacity  loss. 

4.5 
4.45 

6.72 
6.67 

2.72 

39  per 
cent. 

4.5 

33  per 
cent. 

14.0 

21.6 

9.6 

31  per 
cent. 

15. S 

27  per 
cent. 

It  is  seen  from  Table  II  that  sterilization  of  the  permeable  sacs 
caused  a  loss  of  ii  per  cent  in  capacity,  corresponding  to  a  surface 
shrinkage  of  27  per  cent.  The  losses  were  not  proportionately  distrib- 
uted between  the  impermeable  cap  and  the  permeable  body,  which 
lost  39  per  cent  in  capacity  and  31  per  cent  in  surface  area. 

This  shrinkage  on  heating  is  due  largely  to  the  alcohol  treatment 
of  undried  sacs.  Dried  sacs,  even  though  treated  subsequently  with 
alcohol,  shrink  but  little  in  the  alcohol,  as  Brown'"  has  shown,  or  in 
the  autoclave  (Table  II).  Undried  sacs,  not  treated  with  alcohol, 
also  shrink  but  little  on  sterilization.  The  part  played  by  shrinkage 
in  decreasing  penneability  has  probably  been  overestimated.  That 
the  shrinkage  itself  is  of  minor  importance  is  shown  by  a  comparison 
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of  the  permeability  of  alcohol-treated  undried  sacs  with  that  of  sacs 
prepared  by  other  methods. 

In  this  connection  it  may  be  pointed  out  that  titrations  with 
sodium  chloride  do  not  give  complete  information  with  regard  to  the 
permeability  of  the  sac  walls.  The  sodium  chloride  molecules  and 
their  constituent  atoms  are  of  relatively  small  size,  and  the  rate  at 
which  they  diffuse  through  the  permeable  membranes  suggests  that 
the  pores  of  the  membrane  must  be  several  times  the  size  of  the  mole- 
cules to  permit  such  rapid  passage.  The  volume  shrinkage  on  sterili- 
zation is  approximately  33  per  cent,  which  corresponds  to  a  diminution 
in  permeable  surface  area  of  31  per  cent.  Assuming  that  the  pores 
diminish  correspondingly,  it  is  conceivable  that  while  small  molecules 
might  still  pass  through  with  ease,  other  molecules  which  more  nearly 
approached  the  unshrunken  pores  in  size  might  now  be  entirely  held 
back.  So  far,  however,  among  the  substances  tested  none  has  been 
found  which  passes  through  the  unheated,  but  not  through  the 
heated  membranes. 

Relation  of  Thickness  to  Permeability. — ^Another  factor  emphasized 
in  permeability  experiments  with  collodion  membranes  is  thickness. 
In  the  present  method,  within  limits,  this  factor  also  is  found  to  be 
secondary  in  importance  to  the  alcohol  treatment.  The  viscosity 
of  the  collodion  solution  and  the  drainage  and  drying  time  are  the 
variables  in  determining  thickness  and  have  been  experimentally 
controlled  (Experiments  1,  2,  and  3).  A  12  per  cent  solution  forms 
a  sac  of  sufficient  strength  for  intraperitoneal  incubation.  Thicker 
sacs,  however,  may  be  used  without  great  loss  in  permeability. 

Experiment  6. — Three  collodion  sacs  were  made  on  a  gelatin  capsule  framework. 
No.  141  was  dipped  once  in  12  per  cent  collodion.  No.  142  twice,  and  No.  143 
three  times.  The  sacs  were  drained  2  minutes  and  dried  45  seconds  between  each 
dip.  All  were  immersed  in  95  per  cent  alcohol  for  1  hour,  washed,  and  autoclaved. 
Sac  141  was  thin  and  transparent.  Sac  142  was  of  medium  thickness,  with  a 
slightly  smoky  opacity.  Sac  143  was  very  thick  and  tough,  with  a  smoky  opacity. 
Capacities  before  autoclaving,  6.8,  6.1,  and  6.4  cc.  respectively;  after  autoclaving, 
4.7,  4.0,  and  4.2  cc.  Such  sacs  in  their  thinnest  area,  just  below  the  joint,  were 
found  to  measure  0.09,  0.31,  and  0.52  mm.  in  thickness  after  sterilization. 

The  results  of  permeabihty  tests  with  4  cc.  of  2  M  sodium  chloride  against  96 
cc.  of  distilled  water  are  shown  in  Text-fig.  7. 
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Text-Fig.  7.  Experiment  6.  The  permeability  curves,  after  sterilization,  of 
three  sacs  of  widely  different  thicknesses.  Sac  141  dipped  once  in  12  per  cent 
collodion.  Sac  142  dipped  twice,  and  Sac  143  dipped  three  times.  In  this  experi- 
ment equilibrium  in  dialysis  is  represented  by  4  cc.  of  silver  nitrate.  The  error 
in  the  final  readings  is  due  to  the  removal  of  successive  portions  of  dialysate  for 
test.    This  loss  in  volume  was  not  compensated  during  the  experiment. 

The  difference  between  the  sacs  is  less  than  would  be  expected  from 
the  comparative  thickness  of  their  walls  and  indicates  that  slight 
variations  in  thickness  would  be  of  no  practical  significance. 

Qualitative  Tests  of  Permeability  with  OtJter  Substances. — In  addition 
to  the  titrations  of  permeability  with  sodium  chloride  a  nmnber  of 
qualitative  tests  with  other  substances  have  been  made.  These 
testswere  incidental  to  other  experiments  and  are  therefore  incomplete, 
but  the  results  are  useful  in  indicating  the  relative  permeability  of 
the  sacs. 

1.  Various  inorganic  salts  passed  through  the  sacs  with  an  ease  approaching 
that  of  sodium  chloride.  With  such  substances  the  endosmotic  pressure  of  a  con- 
centrated solution  is  so  quickly  lowered  by  passage  through  the  sac  that  the  level 
of  liquid  within  the  sac  is  hardly  raised  significantly  before  equilibrium  is 
established. 
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2.  Oxygen  in  solution  rapidly  diflfuses  through  the  sac  wall  and  restores  the 
color  to  methylene  blue  reduced  by  the  action  of  dextrose  broth.  This  fact  prob- 
ably explains  the  consistent  failure  of  representative  strict  anaerobes  to  grow  in 
permeable  sacs  intraperitoneally  implanted.  Haggard  and  Henderson"  esti- 
mate the  oxygen  tension  of  the  peritoneal  cavity  at  about  45  mm.  So  far  no 
method  has  been  devised  by  which  this  handicap  may  be  overcome. 

3.  During  intraperitoneal  incubation  the  hydrogen  ion  concentration  of  sac 
contents  tends  to  come  to  an  equilibrium  with  that  of  the  peritoneal  fluid.  Ascitic 
fluid,  dilute  rabbit  serum,  and  broth,  for  example,  whatever  their  initial  reaction, 

M 

and  Yi  phosphate  mixtures,  m  proportions  to  give  various  pH  concentrations, 
have  all  been  reduced  to  a  pH  of  7.4  to  7.5.  In  vitro  it  is  found  that  the  primary 
and  secondary  phosphates  diffuse  through  the  walls  with  equal  facility.  The 
dialysate  comes  almost  immediately  to  the  pH  concentration  of  the  phosphate 
mixture  used. 

4.  Among  the  simpler  organic  compounds,  dextrose  alone  has  been  tested.  It 
soon  shows  its  presence  on  the  opposite  side  of  the  membrane,  but  diffuses  more 
slowly  than  do  inorganic  salts  and  so  gives  opportunity  for  a  considerable  endos- 
mosis  before  equilibrium  is  established. 

5.  Nutrient  materials  of  meat  infusion  broth  pass  through  the  sacs  with  suffi- 
cient rapidity  to  promote  a  luxuriant  growth  of  bacteria  {B.  typhosus,  B.  pyo- 
cyaneus)  inoculated  into  distilled  water.  The  straw-colored  pigments  of  the  broth 
are  likewise  diffusible.  Nutrient  materials  are  obtainable  from  body  fluids  in  a 
similar  manner.  Heavj-  growths  of  B.  pyocyaneus,  B.  typhosus,  and  Type  I  pneu- 
mococcus  were  obtained  by  incubating  inoculated  sacs  of  distilled  water  over 
night  in  a  rabbit.  B.  pfeijferi,  lacking  hemoglobin,  did  not  grow  under  similar 
conditions. 

6.  The  diffusible  products  of  bacterial  metabolism  have  not  been  determined 
by  analysis.  That  the  sacs  are  permeable  to  these  products  is  shown  by  the  tissue 
reactions  which  occur  around  actively  growing  cultures.  The  sacs  themselves 
are  practically  inert,  and  it  is  common  to  find  uninoculated  control  sacs  lying 
free  among  the  intestines  without  an^'  observable  irritation  of  the  surrounding 
tissues.  Sacs  which  contain  living  bacteria,  on  the  other  hand,  are  usually  the 
center  of  an  active  proliferative  process.  They  are  found  wrapped  in  folds  of 
thickened  and  injected  omentum  or  among  intestinal  adhesions,  sections  of  which 
show  fibrin  deposits,  accumulations  of  leucocytes,  rarely  to  the  extent  of  pus  for- 
mation, localized  hemorrhages,  infiltration  with  fibroblasts,  and  newly  formed 
capillaries;  in  short,  the  various  elements  and  stages  of  a  degenerative  and  regen- 
erative tissue  reaction. 

7.  No  evidence  has  been  observed  that  hemoglobia  or  other  unsplit  proteins 
will  pass  through  the  sacs.  In  two  experiments  in  which  highly  potent  antime- 
ningococcic serum  was  surrounded  by  a  suspension  of  meningococci  no  agglutina- 
tion occurred. 

**  Haggard,  H.  W.,  and  Henderson,  Y.,  /.  Biol.  Chem.,  1919,  xxxviii,  71. 
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In  summary,  it  may  be  said  that  the  sacs  as  described  are  permeable 
to  gases  in  solution,  to  inorganic  saltS;  to  dextrose,  to  certain  protein- 
split  products  which  are  nutritive  to  bacteria,  and  to  certain  toxic 
products  of  bacterial  metabolism,  but  they  hold  back  antibodies, 
unsplit  proteins,  and  formed  elements  such  as  bacteria  and  body 
cells. 

SUMMARY. 

A  standardized  method  is  described  in  detail  by  which  collodion 
sacs  suitable  for  intraperitoneal  incubation  and  for  other  bacterio- 
logical experiments  may  be  produced  in  large  numbers,  sterilized, 
and  handled  with  convenience  and  the  minimum  danger  of  con- 
tamination. Various  factors  influencing  permeability  have  been 
subjected  to  experiment.  Like  Brown,  we  found  that  immersion  in 
alcohol  is  the  most  important  factor,  but  the  high  permeability 
conferred  by  alcohol  treatment  is  lost  during  heat  sterilization  if  the 
membrane  was  previously  allowed  to  dry.  Quantitative  experiments 
on  the  dialysis  of  sodium  chloride,  and  simple  tests  with  other  sub- 
stances indicate  the  general  character  of  the  membranes  and  their 
probable  field  of  usefulness  in  bacteriology. 


A  MECHANICAL  MEASURING  INSTRUMENT  FOR  STERILE 

LIQUIDS. 

Bt  FREDERICK  L.  GATES,  M.D. 
{From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research) 

(Received  for  publication,  June  28,  1920.) 

Part  of  the  strain  and  tedium  of  immunological  research  is  con- 
nected with  the  distribution  of  identical  portions  of  a  given  liquid 
among  a  large  number  of  tubes.  Ordinarily  this  task  is  performed 
by  means  of  a  graduated  pipette,  in  which  the  movement  of  the 
liquid  is  controlled  by  the  ball  of  the  finger  and  regulated  by  watching 
the  meniscus  as  it  passes  the  graduation  marks.  The  process  is  time- 
consuming,  and  the  precise  control  necessary  to  stop  the  meniscus 
exactly  on  the  mark  is  a  tax  on  eye  and  hand. 

The  instrument  here  described'  was  first  devised  as  a  substitute 
for  the  graduated  pipette  in  immunological  tests.  Since  it  mechani- 
cally measures  any  amount  of  liquid  within  its  capacity  in  a  sterile 
manner  it  may  find  application  also  in  serum  and  vaccine  laboratories, 
in  media  preparation  rooms,  and  wherever  aliquot  portions  of  a  liquid 
are  to  be  measured  out. 

As  with  the  graduated  pipette,  the  principle  involved  is  the  dis- 
placement of  the  required  amount  of  liquid  by  a  similar  amount  of 
air  at  atmospheric  pressure.  The  air  is  measured  by  a  graduated 
syringe,  which  may  be  set  to  deliver  any  amount  within  its  capacity. 
Before  coming  in  contact  with  the  liquid,  the  air  is  twice  filtered 
through  raw  cotton  plugs.  Provided  the  container  is  sterile  all 
danger  of  contamination  is  eliminated. 

Description  of  the  Instrument. 

The  syringe  F,  of  any  required  capacity,  is  screwed  into  one  outlet 
of  a  three-way  stop-cock  H,  which  also  supports  a  rigid  hollow  sleeve 

'  The  instrument  may  be  obtained  from  the  Central  Scientific  Company,  460 
East  Ohio  Street,  Chicago,  111. 
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G  and  forms  the  frame  of  the  instrument.  This  sleeve  G  guides  an 
inner  sliding  sleeve  E  which  operates  the  key  of  the  stop-cock  through 
the  slotted  arm  I  and  is  itself  operated  by  friction  contact  with  the 
sliding  rod  B.  This  rod  engages  the  plunger  rod  C  of  the  syringe, 
and  by  means  of  the  adjustable  lock-nut  L  limits  its  travel.  The 
finger,  slipped  through  the  ring  A ,  raises  and  lowers  the  plunger  rod 
and  operates  the  stop-cock  mechanism.  The  plunger  is  surmounted 
by  a  slotted  sleeve  D  in  which  the  plunger  rod  fits  loosely  and  operates 
the  plunger  only  toward  the  end  of  the  stroke  in  either  direction. 
The  object  of  these  sliding  mechanisms  is  to  turn  the  key  of  the  stop- 
cock before  the  plunger  moves. 

In  Text-fig.  4  the  instrument  is  pictured  at  the  end  of  the  down- 
stroke.  The  stop-cock  is  open  in  the  direction  indicated  in  Text-fig. 
2.  A  complete  up-  and  downstroke  may  be  followed  in  detail.  As 
the  finger,  slipped  through  A,  raises  the  plunger  rod  C,  the  rod  B 
is  raised  also,  carrying  with  it,  by  friction  contact,  the  sleeve  E. 
This  sleeve  in  turn  operates  the  key  of  the  stop-cock  through  the 
slotted  arm  /  so  that  during  the  travel  of  E  the  key  turns  from  position 
2  (Text-fig.  2)  to  position  1  (Text-fig.  1).  During  this  first  part  of 
the  upstroke  the  plunger  does  not  move,  since  the  plimger  rod  slides 
freely  in  the  loose  sleeve  D.  When  the  stop  on  C  reaches  the  end  of 
the  slot  in  D,  the  sleeve  E  also  reaches  the  frame  G,  and  the  key  of 
the  stop-cock  reaches  position  1.  The  stop-cock  is  now  open  for 
the  admission  of  air  to  the  syringe  barrel  through  the  side  outlet 
of  the  cock  and  the  short  rubber  tubing  K  and  cotton  filter  N. 

As  the  finger  continues  to  raise  the  plunger  rod  the  plunger  is  now 
raised  also  by  the  engagement  of  the  stop  on  the  rod  in  the  end  of  the 
slot  in  D.  The  rod  B  slides  through  sleeve  E  until  its  travel  is  stopped 
by  contact  of  the  lock-nut  L  with  sleeve  E,  which  is  already  in  contact 
with  G.  The  plunger  has  now  risen  in  the  barrel  a  definite  distance, 
determined  by  the  position  of  the  lock-nut  L  on  the  rod  B,  and  a 
measured  quantity  of  air  at  atmospheric  pressure  is  contained  within 
the  syringe. 

On  the  downstroke  the  first  movement  is  again  that  of  ^,  B,  E,  and 
/,  operating  to  turn  the  key  of  the  stop-cock  back  to  position  2.  This 
accomplished,  the  plunger  rod  C  engages  the  sleeve  D  at  the  bottom 
of  the  slot  and  drives  the  plunger  down.     The  air  in  the  syringe 
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Text-Figs.  1,  2,  and  3.  Various  positions  of  the  stop-cock  key.  (1)  Posi- 
tion for  the  admission  of  air  to  the  syringe;  (2)  for  the  expulsion  of  air  into  the 
liquid  container;  (3)  for  filling  the  container  by  suction. 

Text-Fig.  4.    The  complete  instrument.    The  lettering  is  explained  in  the  text. 
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barrel  is  expelled  into  the  container  O  attached  to  the  heavy  rubber 
tubing  M,  and  displaces  a  corresponding  quantity  of  liquid  which  is 
thus  delivered  by  the  apparatus. 

The  instrument  may  be  set  to  deliver  any  volume  of  air,  and  conse- 
quently any  volume  of  liquid,  within  the  capacity  of  the  syringe.  To 
set  it  for  a  given  volume  the  lock-nut  L  is  loosened  and  the  plunger 
raised  exactly  to  the  desired  graduation  mark  on  the  syringe  barrel. 
Then  the  lock-nut  is  set  snugly  against  the  sleeve  E,  in  contact  with 
G,  and  tightened. 

Any  sort  of  container  with  an  inlet  for  the  measured  air  and  an 
outlet  for  the  liquid  may  be  used.  The  only  requirement  is  that  the 
system  shall  be  air-tight  except  at  the  intake  and  outlet.  The  instru- 
ment may  be  attached  to  it  directly  or  through  a  length  of  tubing. 
The  elasticity  or  rigidity  of  the  walls  is  of  no  consequence,  since  the 
system  returns  to  atmospheric  pressure  after  each  delivery. 

In  immunological  tests  in  which  relatively  small  amounts  of  liquids 
are  handled,  a  5  or  10  cc.  pipette  may  be  used.  The  instrument  is 
operated  with  one  hand,  and  the  pipette  held  and  directed  with  the 
other.  Larger  amounts  of  liquid  may  be  contained  in  flasks  or  bottles 
with  a  tightly  fitting  two-hole  rubber  stopper  and  a  delivery  tube 
reaching  to  the  bottom.  In  such  instances  the  instrument  may  be 
clamped  in  a  frame  and  the  rod  B  operated  by  a  pedal,  leaving  both 
hands  free. 

When  a  pipette  is  used  it  is  refilled  as  follows :  The  plunger  is  raised 
to  the  top  of  the  stroke,  and  the  split  thvunb-nut  /  partly  unscrewed. 
It  first  releases  the  slotted  arm  /,  and  then,  by  friction,  it  turns  the 
key  of  the  stop-cock  from  position  1  to  position  3  (Text-fig.  3).  The 
stop-cock  is  now  open  from  the  side  outlet  to  the  pipette,  which  is 
filled  by  suction  on  N.  The  thumb-nut  is  again  tightened,  returning 
the  key  to  position  1  and  locking  the  arm  I  in  place. 

In  order  to  minimize  errors  in  measurement,  attention  should  be 
given  to  several  precautions  in  the  use  of  the  apparatus.  (1)  For 
exact  measurements  the  syringe  must  be  accurately  calibrated  and 
the  lock-nut  carefully  set  to  bring  the  plunger  exactly  to  the  mark. 
(2)  The  system  must  be  air-tight.  Since  the  instrument  itself  need 
not  be  sterilized,  the  stop-cock  and  plunger  may  be  lubricated  with 
a  heavy  oil  or  grease.     The  addition  of  a  little  beeswax  to  the  plunger 
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lubricant  keeps  the  plunger  in  position  at  the  top  of  the  stroke  until 
it  is  forced  down  by  contact  of  the  plunger  rod.  (3)  An  error  is 
introduced  by  a  difference  in  level  between  the  surface  of  the  liquid 
in  the  container  and  the  point  of  outlet.  Usually  this  error  is  negli- 
gible. A  difference  in  level  of  10  cm.  causes  an  error  of  about  1  per 
cent.  (4)  Care  must  be  taken  that  the  air  is  not  expelled  too  rapidly 
into  the  container  so  as  to  force  the  liquid  out  under  pressure,  lest 
more  than  the  required  amount  be  delivered  by  its  own  momentum. 
This  is  recognizable  by  the  subsequent  retreat  of  the  liquid  from  the 
delivery  tip,  as  equilibrium  is  reestablished.  A  complete  stroke  should 
be  up,  and  then  down,  for  each  delivery.  A  small  delivery  tip  lessens 
the  error  due  to  the  adherence  of  the  last  drop  of  liquid.  (5)  When 
air  and  liquid  are  at  different  temperatures  an  error  is  introduced  by 
expansion  or  contraction  of  the  measured  air  on  contact  with  the 
liquid.  For  accuracy,  therefore,  the  air  and  liquid  should  be  at  the 
same  temperature.  Practically,  when  the  instrument  is  handled  with 
reasonable  care,  these  sources  of  error  are  not  encountered. 

The  facility  with  which  sterile  solutions  may  be  measured  out  with- 
out contamination  should  be  emphasized.  The  liquid  does  not  pass 
through  the  instrument,  and  nothing  comes  in  contact  with  it  but 
twice  filtered  air. 

SUMMARY. 

An  instrument  is  described  by  which  aliquot  portions  of  a  liquid 
may  be  mechanically  measured  and  delivered.  It  was  devised  espe- 
cially for  use  in  immunological  experiments,  to  take  the  place  of  a 
graduated  pipette  in  setting  up  serum  tests.  The  instrument  may 
be  set  for  any  quantity  within  its  capacity  and  measures  sterile 
liquids  without  danger  of  contamination.  It  may  therefore  find  a 
wider  application  in  other  procedures  requiring  sterile  measurements 
of  small  amounts  of  liquid. 
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Anaerobic  cultivation  of  bacteria  has  in  recent  years  developed 
into  an  important  field  of  bacteriological  research.  Anaerobic 
methods  have  been  extensively  applied,  for  example,  to  the  study  of 
the  bacterial  flora  of  war  wounds  and  to  the  investigation  of  diseases 
of  unknown  origin. 

In  these  investigations  the  cultivation  of  anaerobes  in  tubes  con- 
taining bits  of  fresh  tissue  has  been  extensively  employed.  Although 
study  of  some  of  the  principles  involved  has  led  to  improvements  in 
method,  a  method  for  the  quantitative  examination  of  the  factors 
involved  is  lacking  and  the  establishment  of  practical  rules  and 
indications  to  meet  the  requirements  of  the  more  fastidious  of  this 
group  of  microorganisms  is  still  to  be  attained.  We  shall  attempt 
to  show  the  influence  of  certain  elements  in  promoting  or  in  hindering 
the  development  of  strict  anaerobic  conditions  in  culture  tubes  and 
so  to  indicate  more  exactly  the  value  of  these  factors  in  anaerobic 
cultivation. 

Aside  from  tiie  use  of  mechanical  methods  for  removing  oxygen  from  ordinary 
media,  much  attention  has  been  devoted  in  recent  years  to  the  cultivation  of 
anaerobes  in  a  fluid  or  semisohd  medium  containing  a  fragment  of  fresh  sterile 
tissue,  usually  kidney,  and  overlaid  with  a  layer  of  paraflBn  oil.  The  value  of  the 
tissue  fragment  was  pointed  out  by  Theobald  Smith'  in  1899,  and  rediscovered  by 
Tarozzi^  and  Wrzosek^  in  1905.    The  use  of  paraffin  oU  is  credited  to  Legros.^ 

'  Smith,  T.,  /.  Boston  Soc.  Med.  Sc,  1898-99,  iii,  340. 
2  Tarozzi,  G.,  Centr.  Bakt.,  Ite  Aht.,  Orig.,  1905,  xxxviii,  619. 
'  Wrzosek,  A.,  Wien.  klin.  Woch.,  1905,  xviii,  1268. 

^  Legros,  G.,  Recherches  bacteriologiques  sur  les  gangrenes  gazeuses  aigues, 
Paris,  1902;  Compl.  rend.  Soc.  bioL,  1902,  liv,  1337. 
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In  1911  Noguchi,^  using  tall  columns  of  serum  water  overlaid  with  paraffin  oil  in 
narrow  tubes  and  containing  a  fragment  of  fresh  tissue,  was  able  to  grow  Spiro- 
chala  pallida  under  strictly  anaerobic  conditions.  He  did  not  rely  on  the  kid- 
ney tissue  or  the  paraffin  oil  for  the  production  of  anacrobiosis,  but  for  the  first 
time  employed  with  these  a  combination  of  hydrogen  gas,  vacuum,  and  pyro- 
gallic  acid  in  an  anaerobic  jar. 

Later,  in  the  cultivation  of  the  globoid  bodies  of  poliomyelitis'  it  was  found 
that  the  mechanical  precautions  could  sometimes  be  omitted. 

Following  these  reports  the  tissue-serum  water  or  ascitic  fluid  tubes 
overlaid  with  paraffin  oil  came  to  be  widely  used  as  an  anaerobic 
method  and  some  investigators,  seeking  strictly  anaerobic  conditions, 
have  disregarded  the  elaborate  precautions  which  Noguchi  employed. 
But  the  successful  use  of  the  tissue  method  alone,  which  appears 
to  be  simple,  has  been  found  to  require  considerable  patience  and 
experience,  and  the  method  has  often  suffered  for  lack  of  quanti- 
tative standardization  and  through  misunderstanding  of  underlying 
principles. 

A  number  of  variables  are  involved.  The  first  requisite  for  a  study 
of  these  variables  is  a  delicate  and  precise  reversible  indicator  for  the 
presence  or  absence  of  free  oxygen  in  solution.  The  indicator  should 
react  in  the  presence  of  culture  media,  so  that  it  may  be  added  directly 
to  the  materials  to  be  tested,  and  should  not  interfere  with  the  reduc- 
ing acti\-ity  of  other  components  of  the  medium  or  arrest  the  growth 
of  test  organisms.  Methylene  blue  fulfills  these  requirements  in  a 
satisfactory  manner. 

Theobald  Smith'  in  1896  reported  the  reduction  of  methylene  blue  and  other 
indicators  in  the  closed  area  of  fermentation  tubes  by  sterile  peptone  broth. 
The  presence  of  muscle  or  grape  sugar  and  the  application  of  heat  increased  the 
speed  of  the  reaction.  Peptone  and  dextrose  water  were  inert.  Spina^  had 
already  noted  the  reduction  of  methylene  blue  by  nutrient  gelatin,  but  not  by 
agar. 

^  Noguchi,  H.,  J.  Exp.  Med.,  1911,  xiv,  99. 

•  Flexner,  S.,  and  Noguchi,  H.,  J.  Exp.  Med.,  1913,  xviii,  461. 
'  Smith,  T.,  Cenlr.  Bakt.,  lie  AbL,  1896,  xix,  181. 

*  Spina,  A.,  Centr.  Bakt.,  1887,  ii,  71. 
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Methylene  Blue  as  Indicator. 

By  the  action  of  weak  deoxidizing  agents  methylene  blue  (tetramethylthionine 
chloride) 

/CeH,^- N(CHs)j 

N<^          ^S  +     3H,0 

^C^/- N(CH3)jCl 


is  converted  readily  to  colorless  leucomethylene  blue,  or  o-(^)-tetramethyldiamino- 
thiodiphenylamine 

/CeHs .  N(CH3)s\ 

^CeHa .  N(CHs)2/ 

The  reaction  is  reversible,  and  the  conversions  proceed  rapidly  at  incubator  tem- 
perature in  the  presence  of  free  oxygen  or  under  the  attack  of  the  deoxidizing  agent 
after  the  free  oxygen  has  been  consumed. 

•  Experiments  were  made  to  determine  the  sensitiveness  of  the 
indicator  and  the  conditions  under  which  it  reacts.  Ordinarily  0.1 
CO.  of  a  1  per  cent  aqueous  solution  of  methylene  blue  in  10  cc.  of 
2  per  cent  dextrose  peptone  broth  in  a  test-tube  is  placed  in  the 
anaerobic  jar  and  the  removal  of  free  oxygen  is  indicated  by  the 
gradual  decolorization  of  the  dye.  Since  methylene  blue  is  not 
decolorized  under  similar  conditions  in  a  medium  of  distilled  water, 
we  sought  the  ingredient  in  the  dextrose  broth  which  promotes  the 
decolorization. 

Relation  of  the  pH  of  the  Medium  to  Its  Reducing  Activity. — Beef 
infusion,  2  per  cent  peptone  solution,  and  2  per  cent  dextrose,  with 
methylene  blue,  when  boiled  in  a  water  bath  to  remove  the  air  were 
not  decolorized.  Nor  were  mixtures  of  any  two,  or  of  all  three  of 
the  ingredients.  But  so  far  in  this  experiment  the  hydrogen  ion 
concentration  of  these  mixtures  had  not  been  considered.  The  fore- 
going materials  were  retested  in  a  solution  of  0.01  m  sodium  hydroxide. 
Decolorization  was  immediate  on  heating  to  drive  off  the  air,  but  the 
dye  was  resolved  into  simpler  elements  than  the  leuco  form,  thus 
destroying  its  value  as  an  indicator. 

2  per  cent  dextrose  solution,  colored  with  methylene  blue,  was 
mixed  with  an  equal  volume  of  buffer  phosphate  mixtures  in  ,5  solu- 
tion, to  produce  a  range  of  pH  concentrations  from  6.6  to  7.8.  Tubes 
of  these  mixtures  were  heated  to  expel  the  air  and  to  increase  the 
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velocity  of  reaction.  The  solutions  of  a  pH  of  7.4,  7.6,  and  7.8  were 
quickly  decolorized.  On  cooling  and  exposure  to  air  the  blue  color 
as  promptly  returned.  Similar  but  less  rapid  effects  were  obtained 
with  the  2  per  cent  peptone  solution.  The  beef  infusion  appeared  to 
be  inert. 

The  reducing  action  of  dextrose  in  alkaline  solution  is  well  known 
as  the  basis  of  the  Fehling  and  Benedict  tests  in  urine  analysis.  The 
same  reaction  is  utilized  here.  The  routine  use  of  methylene  blue 
in  dextrose  peptone  broth  is  simply  a  convenient  method  of  assem- 
bling the  materials  in  a  weakly  alkaline  solution. 

The  delicacy  of  the  reaction  depends  upon  the  feeble  reducing  power 
of  the  medium  at  the  chosen  hydrogen  ion  concentration  and  at 
incubator  temperature.  An  equilibrium  is  established  between  the 
rate  of  diffusion  of  oxygen  through  the  medium  and  the  activity  of 
the  reducing  agent.  It  is  only  when  the  access  of  oxygen  is  practically ' 
completely  inhibited  that  the  weakly  alkaline  dextrose  solution  is 
able  to  fix  the  remaining  traces  of  the  gas  and  then  to  attack  the 
methylene  blue. 

Comparison  of  Different  Amounts  of  Methylene  Blue. — From  0.1  to  1  cc.  of  a  1 
per  cent  aqueous  solution  of  methylene  blue  in  10  cc.  of  dextrose  broth  was  de- 
colorized with  practically  equal  rapidity  in  less  than  24  hours  in  a  Mcintosh  and 
Fildes  jar.'  For  the  purposes  of  this  stud)',  variations  in  the  small  quantity  of 
the  dye  used  in  the  medium  were  of  little  significance. 

Effect  of  Temperature. — Like  other  chemical  reactions,  the  rate  of  reduction  is  a 
function  of  the  temperature.  When  access  of  free  oxygen  is  prevented  decolori- 
zation  does  not  occur  in  24  hours  at  4°C.  It  proceeds  slowly  at  room  temperature 
(21°C.)  and  rapidly  at  37°C.  and  higher  temperatures. 

Estimation  of  the  State  of  the  Medium. — It  has  been  noted  above  that  the  state 
of  the  indicator,  whether  blue  or  colorless,  depends  upon  the  relative  rate  of  the 
admission  and  diffusion  of  oxygen  from  the  air  and  the  activity  of  a  reducing  sub- 
stance, e.g.  dextrose,  in  the  medium.  The  equiUbrium  between  these  two  forces 
may  be  observed  in  a  narrow  test-tube  by  the  depth  below  the  surface  at  which 
the  colorless  zone  begins.  While  methylene  blue  may  not  be  decolorized  in  an 
oxygen-free  liquid  in  the  absence  of  a  reducing  substance,  decolorization  indicates 
a  strictly  anaerobic  condition,  and  the  return  of  the  color  is  an  index  of  the  return 
of  oxygen  to  the  medium. 

5  Mcintosh,  J.,  and  Fildes,  P.,  Lancet,  1916,  i,  768. 
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With  these  indications  of  the  sensitiveness  of  the  reaction  and  of 
the  factors  that  control  its  progress,  we  proceeded  with  a  study  of 
the  various  elements  in  the  technique  under  investigation. 

Comparison  of  Liquid  Paraffin  Oil  and  Solid  Vaseline  as  a  Seal. 

The  tissue  medium  technique  as  generally  employed  involves  the 
use  of  liquid  paraffin  oil  as  a  seal  or  supernatant  to  the  medium.  It 
was  presimied  that  the  oil,  besides  preventing  evaporation,  favored 
deoxidation  by  opposing  a  barrier  to  the  air.  RosenthaU"  suggested 
the  use  of  lanolin  (melting  point  42°C.)  as  a  seal,  and  recently  Fildes" 
has  stated  that  oil  has  practically  no  effect  in  preventing  the  return 
of  oxygen  to  the  medium,  while  solid  paraffins  merely  delay  its  passage. 
In  view  of  the  importance  of  an  effective  seal,  a  quantitative  compari- 
son of  oil  and  vaseline  seemed  ad\'isable. 

Experiment  1. — Twelve  tubes,  1.5  by  20  cm.,  each  containing  one-sixteenth  of 
the  kidney  of  a  1,600  gm.  rabbit,  were  filled  with  1  per  cent  dextrose  broth  to  a 
height  of  9.5  cm.;  2  drops  of  sterile  0.5  per  cent  aqueous  methylene  blue  were 
added  as  indicator.  Series  A  consisted  of  four  tubes,  not  sealed  (air  control). 
Series  B,  four  tubes  overlaid  with  2.5  cc.  of  paraffin  oil.  Series  C,  four  tubes  over- 
laid with  2.5  cc.  of  vaseline.    All  incubated  at  37.5°C. 

When  observed  after  16|  hours  the  tubes  of  Series  A  were  decolorized  2  cm.  from 
the  bottom  of  the  tube.  Tubes  of  Series  B  decolorized  3  cm.  from  bottom. 
Tubes  of  Series  C  completely  decolorized. 

When  observed  after  42  hours,  the  tubes  of  Series  A  and  B  showed  an  increase 
of  1  cm.  in  the  height  of  the  decolorized  column.  Tubes  of  Series  C  remained 
completely  decolorized.  There  was  no  further  increase  in  the  height  of  the  decol- 
orized columns  in  the  tubes  of  Series  A  and  B. 

Repetition  with  smaller  fragments  of  kidney  yielded  similar  results. 

As  shown  by  the  point  at  which  a  balance  was  established  between 
the  access  and  diffusion  of  oxygen  and  the  reducing  action  of  the 
kidney  tissue,  the  addition  of  paraffin  oil  produced  only  a  slight 
increase  in  the  length  of  the  anaerobic  column,  the  final  ratio  of  the 
oil-covered  to  the  air-covered  tubes  being  4:3. 

'"  Rosenthal,  G.,  Compl.  rend.  Soc.  hioL,  1902,  liii,  1132. 

"  Fildes,  P.,  Med.  Research  Com.,  Nat.  Health  Insurance,  Special  Rep.  Series, 
No.  12,  1917,  59. 
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Experiment  2. — Sixteen  20  by  1.5  cm.  tubes,  filled  with  broth  and  methylene 
blue  as  before,  but  without  kidney  tissue.  Series  A,  four  tubes  not  sealed.  Series 
B,  eight  tubes  sealed  with  paraffin  oil  in  a  column  from  0.5  to  4  cm.  in  height. 
Series  C,  four  tubes,  vaseline  seal  1  cm.  high.  All  were  placed  in  a  Mcintosh  and 
Fildes  jar,'  the  oxygen  was  removed  by  combustion,  and  the  tubes  were  incubated 
at  37.5°C. 

After  18  hours  Series  A  was  completely  decolorized.  Series  B,  0.5  to  1  cc.  of 
oil,  completely  decolorized  (1.5  to  2.5  cc.  decolorized  in  42  hours,  3  to  4  cc.  in  60 
hours).  Series  C,  completely  decolorized.  Removal  from  jar  and  exposure  to 
air  caused  a  prompt  return  of  color  in  the  tubes  of  Series  A  and  B.  Series  C 
remained  colorless  permanently. 

The  results  of  Experiments  1  and  2  are  illustrated  in  Fig.  1. 

In  the  Mcintosh  and  Fildes  jar  a  slight  reduction  in  pressure  occurs 
as  a  result  of  the  combination  of  oxygen  and  hydrogen.  The  partial 
vacuum  tends  mechanically  to  lower  the  tension  of  oxygen  dissolved 
in  the  medium  and  so  hastens  the  establishment  of  strict  anaerobic 
conditions  through  the  action  of  a  reducing  agent.  When  large 
amounts  of  paraffin  oil  are  employed,  this  favorable  action  is  retarded. 
Indeed,  the  oil  seems  to  serve  as  a  reservoir  for  oxygen  in  solution. 
Except  to  prevent  evaporation  and  to  maintain  anaerobic  conditions 
after  removal,  the  use  of  any  seal  appears  to  be  unnecessary  in  a 
properly  manipulated  Mcintosh  and  Fildes  jar. 

Experiment  3. — Six  20  by  1.5  cm.  tubes  containing  10  cc.  of  dextrose  broth  were 
colored  with  1  drop  of  1  per  cent  methylene  blue.  Series  A,  two  tubes,  unsealed. 
Series  B,  two  tubes,  overlaid  with  4  cc.  of  paraffin  oil.  Series  C,  two  tubes,  over- 
laid with  2.5  cc.  of  vaseline.  All  tubes  heated  in  a  water  bath  until  color  disap- 
peared, then  plunged  into  cool  water  to  bring  to  room  temperature  and  to  solidify 
the  vaseline. 

The  blue  color  appeared  immediately  at  the  surface  of  the  unsealed  tubes  and 
at  the  surface  of  the  medium  in  contact  with  the  oil.  Streaks  of  blue  carried  by 
convection  currents  descended  to  the  bottom  of  the  tubes,  there  to  be  slowly 
decolorized  again.  After  20  minutes  a  zone  of  blue  was  established  to  a  depth 
of  3.5  cm.  in  the  unsealed  tubes  and  to  3  cm.  in  the  oil-covered  tubes.  The  vase- 
line-covered tubes  remained  colorless. 

After  standing  for  72  hours  at  room  temperature  the  blue  zone  had  descended 
to  a  depth  of  4.7  cm.  in  the  unsealed  tubes  and  to  4.6  cm.  in  the  oil-sealed  tubes. 
During  the  following  days  the  unsealed  and  the  oil-sealed  tubes  came  to  an  equilib- 
rium approximately  6  cm.  below  the  surface  of  the  medium.  The  vaseline- 
sealed  tubes  remained  colorless  throughout. 
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Under  air  or  paraffin  oil,  dextrose  broth  is  unable  alone  to  over- 
come the  diffusion  of  oxygen,  which  is  hardly  retarded  by  the  paraffin 
oil  seal.  In  the  depths  of  the  tube,  however,  the  combined  reducing 
action  of  broth  and  kidney  is  able  to  establish  and  maintain  an 
oxygen-free  zone,  which  is  slightly  higher  in  the  paraffin  oil-covered 
tubes.  Under  vaseline,  on  the  other  hand,  owing  solely  to  its  solid 
state  at  incubator  temperature,  the  access  of  oxygen  is  prevented,  and 
the  dextrose  and  kidney  tissue  in  the  course  of  a  few  hours  fix  all  the 
oxygen  remaining  in  solution.  Other  aids  to  deoxygenation,  such 
as  a  Mcintosh  and  Fildes  jar  or  the  action  of  heat  in  reducing  the 
oxygen  solubility  of  the  medium  and  increasing  the  chemical  activity 
of  the  alkaline  dextrose  solution,  exert  a  similar  action  in  hastening 
the  establishment  of  anaerobic  conditions  in  a  culture  tube,  provided 
that  access  of  atmospheric  oxygen  is  prevented  by  an  impervious 
solid  seal  such  as  vaseline. 

We  conclude  that  the  paraffin  oil  seal  extensively  used  in  anaerobic 
culture  work  and  in  gas  analysis  is  practically  valueless  except  to 
prevent  evaporation.  The  seal  itself  may  contain  enough  oxygen  in 
solution  to  defeat  the  very  object  which  it  is  used  to  attain.  A  layer 
of  vaseline,  on  the  other  hand,  is  an  oxygen-resisting  seal  that  materi- 
ally aids  the  action  of  deoxidizing  agents  in  the  medium. *' 

Standardization  of  the  Kidney  Tissue  Component. 

Four  functions  have  been  ascribed  to  the  fragment  of  kidney 
utilized  in  the  tissue  technique:  a  reducing  activity,  the  formation  of 
a  nidus,  the  contribution  of  nutritive  elements  to  the  medium,  and  an 
effect  upon  the  pH  concentration  by  acid  production.  That  the 
kidney  tissue  component  is  an  active  reducing  agent  has  been  well 
known  since  1885  through  the  researches  of  Ehrlich  and  others  and 
is  demonstrated  anew  in  Experiment  1  of  this  communication.  But 
the  zone  of  its  action  in  the  culture  tube  has  not  been  subjected  to 
quantitative  estimation. 

'^  Hard,  inelastic  paraffin  waxes  may  be  less  useful  through  rupture  of  their 
contact  with  the  glass  by  changes  of  temperature  in  the  tubes. 
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Smith,'  who  was  the  first  to  advocate  the  use  of  tissue  fragments,  gave  no  indi- 
cation of  the  size  to  be  used.  Tarozzi-  advocated  a  cube  of  about  1  cm.  No- 
guchi'^  suggested  that  the  kidney  of  an  adult  rabbit  should  be  cut  into  about  ten 
pieces,  each  approximately  the  size  of  a  split  chestnut.  Other  original  workers 
have  not  defined  the  tissue  component  so  carefuUy  and  the  tendency  in  general  has 
been  to  use  too  small  a  piece,  especially  for  primary  cultivations  and  early  trans- 
plants. 

Comparison  of  the  Reducing  Efecl  of  Different  Amounts  of  Kidney 
Tissue. — We  tested  the  reducing  effect  of  pieces  of  various  sizes  upon 
a  medium  containing  methylene  blue. 

Experiment  4. — Two  sets  of  three  20  by  1.5  cm.  tubes  were  prepared,  each  con- 
taining 10  cc.  of  aerated  1  per  cent  dextrose  broth  and  1  drop  of  1  per  cent  aqueous 
methylene  blue  in  addition  to  the  kidney  fragments.  The  fragments  were  cut 
as  uniformly  as  possible  from  5  mm.  cross-sections  through  the  middle  of  the  kid- 
neys from  an  1,800  gm.  rabbit.  In  Set  1  a  single  piece  of  kidney  was  used.  Tube 
A  contained  one-eighth.  Tube  B  one-fourth,  and  Tube  C  one-half  of  a  5  mm.  cross- 
section.  In  Set  2  the  pieces  were  cut  into  eighths  of  the  original  cross-section. 
Tubes  A,  B,  and  C  were  the  same  as  the  corresponding  tubes  of  Set  1,  except  that 
Tube  B  contained  two-eighths  and  Tube  C  four-eighths  of  a  cross-section  in  two 
and  four  separate  fragments.    No  seal.    Incubated  at  37.5°C. 

In  Tubes  B  and  C  of  each  series  decolorization  began  in  a  few  moments 
around  the  kidney  tissue  at  the  bottom  of  the  tube.  Later  results  are  shown  in 
Table  I  and  are  illustrated  in  Fig.  2. 

After  42  hours  the  tubes  were  removed  from  the  incubator  and  allowed  to  stand 
at  room  temperature.  After  20  hours  at  about  21°C.  the  level  of  decolorization 
had  dropped  0.5  to  1  cm.  in  each  tube. 


TABLE   I. 
Comparison  of  the  Reducing  Effect  of  Different  Amounts  of  Kidney  Tissue. 


Duration  of 
incubation. 

Height  of  decolorized  cohinin  from  bottom  of  tube. 

Set  No. 

Tube  A; 

small  fragment  of 

kidney. 

Tube  B; 

twice  as  much  as 

Tube  A. 

Tube  C: 

four  times  as  much 
as  Tube  A. 

1 
2 

1 
2 

hrs. 

16 
16 

42 
42 

cm. 

0.4 
1.0 

1.7 
1.8 

cm. 

2.3 
1.8 

3.5 
3.4 

cm. 

3.0 
3.0 

4.4 
4.4 

13  Noguchi,  H.,  Miinch.  med.  Woch.,  1912,  lix,  1937. 
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Different  amounts  of  kidney  tissue  have  different  reducing  effects. 
The  larger  the  amount,  the  greater  is  the  reduction.  Small  pieces 
are  of  little  value  for  producing  an  anaerobic  zone.  Very  large  pieces 
do  not  produce  a  proportionately  large  zone  of  reduction.  With 
0.6  to  0.8  gm.  of  kidney  tissue  a  zone  sufficient  for  practical  purposes 
is  obtained."  The  tissue  may  be  used  in  one  fragment  or  in  several. 
The  balance  between  the  penetration  of  oxygen  from  the  surface  into 
the  medium  and  the  reducing  activity  of  the  tissue  occurs  at  a  level 
determined  by  the  temperature,  other  things  being  equal.  The 
higher  the  temperature,  up  to  37°C.,  the  less  is  the  oxygen  solubility 
and  the  greater  the  reduction. 

Nature  of  the  Reducing  Substances  in  the  Kidney  Tissue. — Kidney 
tissue  in  unsealed  tubes  such  as  those  of  Experiment  4  exposed  to  the 
air  at  room  temperature  will  maintain  an  anaerobic  zone  at  the  bottom 
of  the  tube  for  a  period  of  weeks  or  months.  It  is  not  conceivable 
that  the  reduction  is  dependent  on  the  maintenance  of  the  activity 
of  living  cells.  The  question  arises  then,  as  to  the  nature  of  the 
substance  responsible  for  the  reduction.  In  considering  this  question, 
which  properly  belongs  to  physiology  and  biochemistry,  we  were  soon 
led  away  from  the  subject  in  hand.  Prehminary  experiments  indi- 
cated that  the  activity  still  resided  in  filtered  extracts  of  kidney  tissue, 
and  that  the  reducing  substance  concerned  is  relatively  heat-stable, 
so  that  boiled,  or  even  autoclaved  kidney  is  not  entirely  without 
effect,  but  other  considerations  make  it  seem  unprofitable  to  attempt 
to  modify  the  use  of  fragments  of  fresh  sterile  kidney  tissue  in  this 
anaerobic  technique.  Thunberg'^  refers  to  former  researches  on  the 
reducing  activity  of  tissues  and  reports  his  evidence  of  the  enzymotic 
nature  of  the  reaction. 

Before  the  reducing  activity  of  fresh  tissue  in  anaerobic  cultivation 
was  generally  recognized,  it  was  suggested  that  the  tissue  fragment 
might  act  in  an  obscure  and  passive  manner  as  a  focus  for  bacterial 
multiplication.     The  demonstration  of  a  favorable  reaction  on  the 

'■"  The  kidneys  of  a  medium  sized  rabbit,  1,400  to  1,700  gm.,  weigh  about  6 
to  6.5  gm.  Eight  to  ten  fragments  may  be  obtained  from  each  kidney.  The 
large  kidneys  of  full  grown  rabbits  yield  twelve  to  sixteen  fragments  of  proper 
size. 

^^  Thunberg,  T.,  SkaiuHn.  Arch.  Physiol.,  1918,  xxxv,  163. 
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surrounding  medium  made  such  an  assumption  unnecessary.  Some 
investigators,  however,  acting  on  the  earlier  hj'pothesis,  have  advo- 
cated the  use  of  small  pieces  of  inorganic  substances,  asbestos  wool 
or  iron  tacks,  for  example,*'  as  a  nidus  for  anaerobic  growth. 

Our  experiments  with  these  substances  in  the  presence  of  methylene 
blue  need  not  be  elaborated  here.  They  indicate  that  washed  asbestos 
wool  has  no  effect  in  promoting  an  anaerobic  zone.  Indeed,  in  a 
feeble  reducing  medium  the  decolorization  of  the  methylene  blue 
was  somewhat  retarded.  The  oxidation  of  iron  tacks,  on  the  other 
hand,  soon  reduced  the  dye  in  their  vicinity.  It  seems  clear  that 
the  production  of  an  anaerobic  condition  depends  upon  a  chemical 
reaction  rather  than  upon  the  presence  of  inert  material. 

Nature  oj  the  Culture  Medium- 
Presence  of  a  Reducing  Substance. — Methylene  blue  serves  as  an 
indicator  of  the  presence  or  absence  of  free  oxygen  only  in  the  presence 
of  a  reducing  substance.  For  this  reason  it  is  not  an  accurate  index 
for  the  removal  of  oxygen  by  physical  means.  Our  observations  led 
us  to  conclude,  however,  that  complete  deoxygenation  is  only  very 
slowly  accomplished  by  the  diffusion  of  oxygen  in  solution  into  an 
oxygen-free  atmosphere  such  as  is  provided  by  the  method  of 
Buchner"  or  that  of  Mcintosh  and  Fildes.^ 

In  a  recent  communication  Barber"  indicates  that  some  strict 
anaerobes  may  be  destroyed  even  by  short  exposures — less  than  an 
hour — to  atmospheric  oxygen.  Under  certain  conditions,  therefore, 
it  may  be  important  to  attain  strictly  anaerobic  conditions  in  the 
culture  tube  in  the  shortest  possible  time  after  inoculation  or  else 
to  inoculate  an  already  deoxygenated  medium.*'  Among  the  aids 
to  such  a  procedure  is  the  addition  of  an  active  reducing  agent  (kidney 
tissue,  dextrose,  peptone)  to  the  culture  medium. 

Culture  media  in  general  may  be  divided  into  two  classes,  those 
which  contain  an  active  reducing  substance,  and  those  which  are  prac- 

1^  Douglas,  S.  R.,  Fleming,  A.,  and  Colebrook,  L.,  Lancet,  1917,  ii,  530. 
*'  Buchner,  H.,  Centr.  Bakl.,  1888,  iv,  149. 
'«  Barber,  M.  A.,  /.  Exp.  Med.,  1920,  xxxii,  295. 

'^  Tarozzi^  and  Noguchi^  undoubtedly  obtained  such  a  condition  by  preliminary 
incubation  of  tissue  media  to  insure  sterility. 
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tically  inert.  Artificial  media  containing  dextrose  or  peptone  belong 
in  the  first  category.  Ascitic  fluid  and  dilute  serum,  widely  used  in 
anaerobic  culture  work,  belong  in  the  second  class.  Although  small 
amounts  of  a  copper-reducing  substance  may  be  demonstrated  in 
these  liquids,  their  deoxygenating  action  is  relatively  slight,  and 
hardly  to  be  considered  of  practical  value.  Thus,  while  kidney  tissue 
was  able  to  decolorize  10  cc.  of  ascitic  fluid  containing  methylene 
blue  under  a  vaseHne  seal  in  10  days,  similar  tubes  of  ascitic  fluid, 
without  kidney  tissue,  still  retained  a  pale  blue  color  after  6  weeks 
observation. 

The  eflttcacy  of  dextrose  as  a  reducing  agent  in  alkaline  solution 
suggested  its  addition  to  the  ascitic  fluid  medium.  Combinations  of 
0.1  to  2  per  cent  of  dextrose  were  made  by  the  addition  of  10  per  cent 
dextrose  solution  in  isotonic  saline  solution  to  the  ascitic  fluid.  Vase- 
line-sealed tubes  containing  ascitic  fluid  and  methylene  blue  and  0.1 
per  cent  dextrose  were  almost  decolorized  in  7  days.  The  larger 
amounts  of  dextrose  up  to  2  per  cent,  with  the  aid  of  a  Mcintosh  and 
Fildes  jar,  decolorized  the  ascitic  fluid  in  5  to  6  days.  Dextrose 
peptone  broth  was  even  more  efficacious.  One  part  of  1  per  cent 
dextrose  peptone  broth  with  two  parts  of  ascitic  fluid  decolorized 
methylene  blue  under  a  vaseline  seal  in  less  than  42  hours. 

In  the  absence  of  a  reducing  agent  tubes  of  ascitic  fluid  from  which 
air  is  rigidly  excluded  may  not  become  decolorized  over  a  period  of 
weeks.  The  addition  of  small  amounts  of  dextrose,  or  the  presence 
of  kidney  tissue  renders  ascitic  fluid  mediimi  oxygen-free  in  a  rela- 
tively short  time.  It  should  be  understood  that  dextrose  here  is 
being  considered  solely  as  a  reducing  agent.  Other  effects — change 
of  pH  concentration  through  bacterial  action,  gas  formation,  etc. — 
may  make  its  addition  undesirable  in  certain  instances. 

Physical  State  of  the  Medium. — A  second  character  of  culture 
mediimi  which  influences  the  establishment  of  anaerobic  conditions 
is  its  physical  state.  Fluid  media  suffer  the  disadvantages  of  ready 
diffusion  of  oxygen  throughout  the  tube,  of  the  development  of  con- 
vection currents  on  even  slight  changes  of  temperature,  and  of  the 
transfer  of  oxygen  to  the  depths  of  the  tube  by  any  agitation.  These 
phenomena  are  easily  observed  in  air  or  oil-covered  tubes  showing  a 
decolorized  zone  at  the  bottom. 
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Semisolid  media,  formed  by  the  addition  of  small  amounts  of  agar, 
are  not  subject  to  these  influences  to  the  same  extent.  It  is  not 
surprising,  therefore,  to  find  that  anaerobic  conditions  are  more 
readily  maintained  in  the  depths  of  a  semisolid  culture  tube.  Thus, 
the  effect  of  dilTerent  amounts  of  agar  on  the  diffusion  of  oxygen 
through  dextrose  broth  was  tested. 

Experimenl  5. — Tubes  were  filled  with  1  per  cent  dextrose  peptone  broth  and 
2  per  cent  dextrose  agar  in  proportions  to  give  percentages  of  agar  from  0  to  O.S 
in  volumes  of  10  cc.  The  mixtures  were  colored  with  methylene  blue  and  heated 
in  the  water  bath  to  complete  decolorization.  They  were  then  plunged  into  water 
to  solidify  the  agar  and  incubated  at  37°C.  The  diffusion  of  oxygen  from  the  sur- 
face downward  was  measured  in  all  the  tubes  by  the  advance  of  the  returning  color. 
After  5  and  24  hours  the  blue  zones  had  descended  as  shown  in  Table  II,  where 
they  remained  during  subsequent  observations. 


TABLE   II. 
Penetration  of  Oxygen  into  Semisolid  Medium. 


Penetration  of  oxygen  from  surface  of  medium. 

Tube  No. 

Amount  of  agar. 

After  S  hrs. 

After  24  hrs. 

After  48  bis. 

pir  cent 

cm. 

cm. 

cm. 

1 

0 

1.0 

4.0 

Complete. 

2 

0.02 

1.0 

1.5 

3.3 

3 

0.04 

0.9 

1.2 

2.2 

4 

0.06 

0.9 

1.1 

1.3 

5 

0.1 

0.8 

1.0 

1.1 

6 

0.2 

0.8 

1.0 

1.1 

7 

0.5 

0.7 

0.9 

1.0 

Even  so  small  an  amount  as  0.02  per  cent  of  agar  may  inhibit  the 
diffusion  of  ox^'gen  to  the  depths  of  a  culture  tube,  or  at  least  so 
retard  it  that  dextrose  broth  is  able  to  maintain  anaerobic  conditions 
below  a  certain  level.  This  level  occurred  at  1  cm.  from  the  surface 
when  0.5  per  cent  of  agar  was  employed. 

A  more  striking  experiment  is  afforded  by  a  comparison  of  the 
reducing  effect  of  kidney  tissue  in  peptone  broth  and  in  the  same  broth 
made  semisolid  by  the  addition  of  0.25  per  cent  agar. 
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Experiment  6. — Series  A;  tubes  contained  a  9  cm.  column  of  plain  broth.  Series 
B;  the  same  plus  kidney  tissue.  Series  C;  tubes  contained  a  9  cm.  column  of  semi- 
solid medium  (peptone  broth  plus  0.25  per  cent  agar).  Series  D;  the  same  plus 
kidney  tissue.  All  were  colored  with  methylene  blue  and  were  incubated  unsealed 
at  37.5°C.  Table  III  shows  the  height  of  the  colorless  zones  which  developed  from 
the  bottom  of  the  tube  in  each  instance. 

TABLE   III. 

Development  of  Anaerobic  Conditions  by  the  Action  of  Kidney  Tissue  in  Fluid  and 

Semisolid  Medium. 


Medium. 

Zone  of  decolorization  measured 
from  bottom  of  tube. 

After  1 
day. 

After  2 
days. 

After  6 
days. 

Series  A;  plain  broth  without  kidney  tissue    

cm. 

0 

1.5 
7.4 
7.0 

cm. 

0 

2.0 
7.3 
7.3 

cm. 

0 

"     B;      "        "     with  kidney  tissue     

1.4 

"     C;  semisolid  medium  without  kidney  tissue 

"     D;        "               **       with  kidney  tissue 

7.3 
7.3 

Besides  showing  that  oxygen  penetrates  slowly  into  semisolid  media 
this  experiment  demonstrates  the  reducing  power  of  peptone  (Series 
C) .  Comparison  of  Series  C  with  Series  D  suggests  that  the  reducing 
power  of  kidney  tissue  in  a  semisolid  medium  is  confined  to  the  zone 
surrounding  the  tissue,  since  its  effect  did  not  extend  further  than 
that  of  the  peptone  broth  alone. 

This  observation  is  confirmed  by  the  following  experiment  with  a 
medium  of  much  less  reducing  power,  so  that  the  kidney  tissue  alone 
was  responsible  for  the  production  of  an  anaerobic  zone. 

Experiment  7. — Series  A,  two  tubes,  each  containing  one-tenth  of  a  medium 
sized  kidney,  7.5  cc.  of  dilute  rabbit  serum,  2.5  cc.  of  2  per  cent  plain  agar,  and  1 
drop  of  methylene  blue,  making  a  0.5  per  cent  semisolid  medium.  Series  B,  two 
tubes,  each  containing  the  same  ingredients,  except  that  2.5  cc.  of  plain  broth  were 
substituted  for  the  agar,  making  a  fluid  control.  Control  tubes  of  each  medium, 
without  kidney  tissue,  were  also  set  up.  V^aseline  seals.  Tubes  incubated  at 
37.5°C.  for  24  hours.  The  tubes  of  Series  A  showed  a  decolorized  zone  1.7  and  1.7 
cm.  high  respectively,  sharply  demarcated  from  the  deep  blue  agar  above.  Con- 
trol, without  kidney,  deep  blue.  The  tubes  of  Series  B  were  decolorized  2.4  and 
2.3  cm.  from  the  bottom,  respectively,  shading  off  gradually  to  a  deep  blue  above. 
Control,  without  kidney,  deep  blue.  After  48  hours  the  semisolid  tubes  showed  a 
clear-cut  colorless  zone,  2.7  and  2.6  cm.  high;  agar  deep  blue  above.     Control 
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deep  blue.  The  fluid  tubes  showed  a  colorless  zone  approximately  4  to  4.5  cm. 
high,  shading  off  .so  gradually  that  its  limits  were  difficult  to  determine.  The 
fluid  above  and  the  control  were  light  blue. 

From  these  experiments  a  semisolid  mediimi  is  seen  to  favor  the 
establishment  of  anaerobic  conditions  by  the  exclusion  of  oxygen 
from  the  depths  of  the  tube.  Unless  a  reducing  agent  is  diiTused 
through  the  medium,  however,  this  advantage  is  offset  by  a  restriction 
of  the  reducing  power  of  the  kidney  tissue  to  the  immediate  vicinity 
of  the  tissue  fragment.  These  observations  may  explain  in  part  the 
difficulty  often  encountered  in  growing  strict  anaerobes  in  semisolid 
medium,  especially  in  initial  cultivation. 

Length  of  tJie  Column  of  Medium  as  an  Aid  in  Deoxygenation. — It 
has  become  the  standard  practice  in  anaerobic  cultivation  by  the 
tissue  method  to  use  12  to  15  cc.  of  fluid,  or  a  column  10  to  12  cm. 
in  height  in  a  long  narrow  culture  tube  20  by  1.5  cm.  Anaerobiosis 
in  the  depths  of  the  tube  would  seem  to  be  favored  by  the  restricted 
surface  exposed  imder  paraffin  oil  and  by  the  length  of  the  column 
of  liquid. 

It  was  found  in  the  present  study  that  in  a  reducing  medium  such 
as  dextrose  broth  a  colimin  length  of  from  8  to  16  cm.,  overlaid  with 
paraffin  oil,  favors  the  decolorization  of  methylene  blue,  which  occurs 
first  at  the  bottom  of  the  tube  and  gradually  extends  toward  the 
surface.  Under  vaseline,  on  the  other  hand,  columns  of  different 
lengths  decolorize  with  equal  rapidity.  In  dextrose  broth  the  reduc- 
ing action  proceeds  throughout  the  tube.  When  it  is  more  localized, 
as  with  kidney  tissue  in  a  less  active  mediimi  (plain  broth),  the  effect 
is  somewhat  different. 

Experiment  S. — Three  sets  of  tubes  of  plain  broth  colored  with  methylene  blue, 
each  containing  one-sixteenth  of  a  kidney  of  a  large  rabbit,  the  broth  columns 
being  2,  4,  6,  8,  10,  and  12  cm.  long.  Series  A,  unsealed;  Series  B,  overlaid 
with  2  cm.  of  oil;  Series  C,  overlaid  with  1  cm.  of  vaseline.  Control  tubes  of  broth 
without  kidney,  column  8  cm.  long,  unsealed  and  also  with  oil  and  vaseline  seals. 
Incubated  at  37.5°C.  In  16  hours  decolorization  had  proceeded  as  shown  in 
Table  IV. 

When  oxygen  is  excluded  (Series  C)  the  fragment  of  kidney  tissue 
is  able  to  produce  an  anaerobic  zone  2.1  cm.  high  in  16  hours.     That 
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it  did  not  do  so  in  the  2,  4,  and  6  cm.  tubes  of  Series  A  and  B  under 
air  or  oil  is  due  to  the  penetration  of  oxygen.  A  column  of  fluid  8, 
10,  or  12  cm.  long  maintained  at  a  constant  temperature  without 
agitation  practically  serves  as  a  seal  for  the  lower  levels.  But  the 
same  object  is  accomplished  by  a  vaseline  seal  with  considerable 
saving  in  medium ;  7  or  8  cm.  of  the  mediimi  suffice. 

TABLE    IV. 

Efect  of  the  Height  of  the  Medium  Column  on  the  Anaerobic  Zone  Produced  by 

Kidney  Tissue. 


Height  of  decolorized  column  from  bottom  of  tube  after  16  hrs. 

Control. 

Series. 

Length  of  fluid  column. 

2  cm. 

4  cm. 

6  cm. 

8  cm. 

10  cm. 

12  cm. 

8  cm. 

cm. 

cm. 

cm. 

cm. 

cm. 

cm. 

A 

1.0 

1.5 

1.8 

2.2 

2.1 

2.1 

Unchanged. 

B 

1.3 

l.S 

1.9 

2.1 

2.0 

2.1 

it 

C 

2.0 

2.1 

2.0 

2.1 

2.1 

2.1 

tt 

Effect  of  Reducing  Agents  on  the  pH  of  the  Medium. 

Although  this  study  deals  only  with  the  deoxygenation  of  culture 
media,  it  is  necessary  to  know  whether  the  reducing  agents  employed 
have  any  effect  upon  other  essential  factors  in  anaerobic  cultivation; 
for  example,  the  hydrogen  ion  concentration  of  the  medium.  Accord- 
ingly, tubes  were  filled  with  ascitic  fluid  or  with  ascitic  fluid  and  dex- 
trose peptone  broth,  with  or  without  kidney  tissue.  To  each  tube 
5  drops  of  phenol  red  were  added  and  the  tubes  incubated  at  37.5°C. 
under  a  vaseline  seal.  When  observed  at  intervals  during  the  fol- 
lowing days  and  weeks,  the  tubes  without  kidney  tissue  showed  no 
change  from  the  original  hydrogen  ion  concentration  of  8  -|-.  On 
the  other  hand,  the  kidney  tissue  in  20  hours  had  produced  a  clear 
yellow  zone  approximately  1.5  cm.  from  the  bottom  of  the  tube.  The 
effect  was  the  same  in  ascitic  fluid  and  in  the  mixture  of  ascitic  fluid 
and  broth.  The  next  day  and  thereafter,  all  the  tubes  containing 
kidney  tissue  showed  a  gradation  from  purplish  pink  (pH  7.8  to  8) 
at  the  surface  downward  in  the  acid  direction  to  a  clear  yellow  in  the 
middle  and  lower  portions  of  the  column  of  medium.     This  color 
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gradually  became  diffused  throughout  the  tubes,  bringing  the  medium 
to  an  orange-yellow  comparable  to  pH  7.4  on  the  phenol  red  scale. 
Ascitic  fluid  itself  is  usually  alkaline,  showing  a  pH  7.8  to  8  +  . 
This  alkalinity  is  progressive  if  the  fluid  is  allowed  to  stand  exposed 
to  the  air  but  may  be  retarded  by  a  layer  of  paraflin  oil.  From  the 
foregoing  experiment  it  is  seen  that  the  alkalinity,  once  established, 
remains  unaltered  for  weeks  under  a  vaseline  seal.  Dextrose  and 
peptone  do  not  in  themselves  produce  acid  and  thus  change  the 
hydrogen  ion  concentrations.  Only  when  they  are  split  by  bacterial 
activity  do  they  have  this  effect.  Kidney  tissue  produces  acids;  a 
large  fragment  (0.8  gm.)  changes  the  hydrogen  ion  concentration  in 
its  immediate  vicinity  to  about  pH  7.  This  acid  becomes  gradually 
diffused  throughout  the  medium  and  may  ultimately  bring  the  entire 
column  of  medium  to  a  favorable  hydrogen  ion  concentration  (pH 
7.4).  The  final  concentration,  then,  depends  on  the  ratio  of  the 
original  alkalinity  of  the  ascitic  fluid  to  the  acid  production  of  the 
kidney. 

SUMMARY   AND   CONCLUSIONS. 

This  study  was  undertaken  with  the  object  of  determining  the 
part  played  by  the  several  component  elements  of  the  tissue  method 
of  anaerobic  cultivation  in  the  establishment  of  anaerobic  conditions 
in  the  culture  tube.  Data  have  been  presented  to  show  the  suit- 
abilit}'-  of  methylene  blue  as  an  indicator  of  reduction  processes  in 
culture  media  by  which  the  removal  of  the  last  traces  of  oxygen  may 
be  demonstrated.  With  methylene  blue  as  the  indicator,  the  elements 
subjected  to  experiment  included  the  choice  of  a  seal  for  culture 
tubes,  the  acti\aty  and  requisite  size  of  the  kidney  tissue  fragment, 
the  chemical  and  physical  characters  of  the  medium  which  promote 
or  retard  deoxv'genation,  the  length  of  the  column  of  medium,  and  the 
advantages  of  external  aids  such  as  the  Mcintosh  and  Fildes  anaerobic 
jar. 

As  a  result  of  our  experiments,  we  have  come  to  the  following 
conclusions : 

1.  Liquid  paraffin  oil,  used  extensively  as  a  seal  for  anaerobic 
cultures  and  in  gas  analysis,  has  very  little  value  in  inhibiting  the 
access  of  oxygen.     Solid  vaseline,  on  the  other  hand,  forms  an  effective 
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ox>'gen-resisting  seal.     The  difference  is  due  to  the  physical  states  of 
the  substances  at  incubator  temperature. 

2.  Fresh  kidney  tissue  is  an  active  reducing  agent  and  quickly 
decolorizes  methylene  blue  in  its  vicinity.  The  reducing  effect  of 
fresh  kidney  tissue  is  relative  to  the  amount  used.  As  a  reducing 
agent,  at  least  0.6  gm.  per  tube  is  required  for  the  establishment  of 
an  adequate  oxygen-free  zone. 

3.  Culture  media  may  be  classified  as  reducing  or  non-reducing. 
Those  containing  dextrose  or  peptone  in  a  faintly  alkaHne  solution 
belong  to  the  former  class.  Ascitic  fluid  and  dilute  serum  belong  to 
the  latter  class,  for  their  content  of  reducing  substances  is  practically 
insignificant.  For  the  prompt  establishment  of  strictly  anaerobic 
conditions  these  media  require  the  addition  of  reducing  substances 
such  as  dextrose,  peptone,  or  kidney  tissue  aided  by  an  effective  seal 
or  an  anaerobic  jar. 

4.  SemisoKd  media  effectively  inhibit  the  penetration  of  oxygen 
to  the  depths  of  the  tube,  but  they  likewise  Hmit  the  diffusion  of  reduc- 
ing substances  and  presumably  of  nutrient  substances  from  imbedded 
kidney  tissue. 

5.  The  length  of  the  column  of  medium  is  of  minor  importance 
under  a  vaseline  seal. 

We  clearly  recognize  the  impracticability  of  standardizing  a  bio- 
logical technique  which  by  its  very  nature  must  be  subject  to  wide 
modifications  for  special  purposes.  Such  variations  from  a  standard 
are  especially  necessary  in  the  search  for  unknown  organisms,  and 
in  work  with  hitherto  uncultivated  microbes  in  which  the  tissue 
technique  has  been  successfully  applied  by  Noguchi. 

We  wish,  therefore,  to  present  the  results  of  our  studies  simply  as 
guides  in  the  variation  and  control  of  the  elements  examined  and  to 
make  certain  suggestions  relative  to  the  estabUshment  of  strictly 
anaerobic  conditions  in  the  culture  tube.  The  numerous  other  factors 
of  equal  importance  which  must  be  taken  into  account — hydrogen 
ion  concentration,  source  and  character  of  nutritive  elements,  temper- 
ature, time,  etc. — are  outside  the  limited  scope  of  the  present  report. 

For  the  estabUshment  of  strictly  anaerobic  conditions  in  the  culture 
tube,  we  would  suggest  (1)  the  substitution  of  solid  vaseUne  for  liquid 
paraffin  oil  as  an  oxygen-resisting  seal;  (2)  the  use  of  large  pieces 
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of  fresh  kidney,  the  standard  size  to  be  .upwards  of  0.6  gm.  unless 
other  reducing  substances  are  present  in  the  medium ;  (3)  the  addition 
of  peptone  or  dextrose  or  both  in  the  form  of  peptone  dextrose  broth 
in  fractional  percentages  to  non-reducing  media  such  as  ascitic  fluid 
or  serum  to  aid  in  the  prompt  establishment  of  anaerobic  conditions; 
(4)  the  use  of  the  Mcintosh  and  Fildes  jar  as  a  further  aid  to  the 
prompt  deox>'genation  of  the  medium;  (5)  for  reasons  of  economy  the 
use  of  smaller  amounts  of  culture  medium,  for  example,  7  to  8  cc, 
under  a  vaseline  seal;  and  (6)  in  dealing  with  anaerobes  which  may 
be  injured  by  exposure  to  oxygen  it  might  be  advisable  to  prepare 
the  medium  a  day  or  two  in  advance  and  to  incubate  it  under  a 
vaseline  seal  so  that  sterility  is  assured  and  the  anaerobic  conditions 
are  already  established  when  inoculation  is  made.  The  infected 
material  is  then  introduced  with  a  capillary  pipette  in  the  Aacinity  of 
the  kidney  tissue  and  the  seal  restored  by  gentle  heating  to  melt  a 
portion  of  the  superposed  vaseUne. 

EXPLANATION  OF  PLATE  2. 

Fig.  1.  A  comparison  of  paraffin  oil  and  vaseline  as  o.xj'gen-resisting  seals. 
Sample  tubes  from  Experiments  1  and  2.  Dextrose  broth  and  methylene  blue 
without  and  with  kidney  tissue,  unsealed  and  under  paraffin  oil  and  vaseline. 
Tubes  1,  3,  and  5,  without  kidney,  were  deoxj-genated  by  the  dextrose  broth  in  a 
Mcintosh  and  Fildes  jar.  On  removal  from  the  jar  the  color  has  returned  in  the 
unsealed  and  oil-covered  tubes  (Nos.  1  and  3),  denoting  the  penetration  of  oxygen 
into  the  medium.    The  vaseline-covered  tube  (No.  5)  remains  colorless. 

Tubes  2,  4,  and  6,  with  kidney,  show  its  reducing  effect  in  the  depths  of  the 
tube.  The  unsealed  broth  (Tube  2)  shows  almost  as  extensive  a  zone  of  decolori- 
zation  as  the  oil-covered  broth  (Tube  4).  Aided  by  complete  exclusion  of  o.xygen, 
the  kidney  and  dextrose  broth  have  completed  the  deox>-genation  of  the  vaseUne- 
covered  tube  (No.  6). 

Fig.  2.  A  comparison  of  the  deoxidizing  value  of  kidney  tissue  fragments  of 
different  size.  .4,  a  fragment  of  the  size  ordinarih-  employed.  B,  a  fragment 
twice  the  size  of  A.  C,  a  fragment  four  times  the  size  of  A.  The  establishment 
of  an  oxj'gen-free  zone  is  denoted  by  the  decolorization  of  the  medium. 
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PRESERVATION  OF  STOCK  CULTURES  OF  BACTERIA  BY 
FREEZING  AND  DRYING.* 

By  homer  F.  swift,  M.D. 
(From  the  Hospital  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  June  29,  1920.) 

The  object  of  this  communication  is  to  present  the  results  of  the 
prolonged  preservation  of  stock  cultures  of  bacteria  after  freezing 
and  drying,  and  to  describe  the  method  used. 

The  benefit  of  a  method  that  will  assure  the  presentation  of  cultures 
of  bacteria  without  frequent  manipulation  is  self-evident.  As  type 
organisms  are  isolated  or  identified  it  is  desirable  to  keep  the  original 
state  of  \-irulence  or  to  retain  their  cultural  characteristics.  In 
addition  to  the  danger  of  contamination  from  frequent  manipulation, 
there  is  the  well  known  tendency  for  many  bacteria  to  lose  their 
virulence  or  other  biological  characteristics  from  repeated  transfers 
on  artificial  media.  During  the  course  of  many  investigations  it  is 
often  of  advantage  to  keep  all  the  bacteria  isolated  until  there  is  time 
for  more  detailed  study.  A  method  that  will  permit  the  shipping  of 
cultures  from  one  city  or  country  to  another  without  the  bulk  of 
culture  media,  or  without  danger  of  breakage  or  death  of  the  bacteria, 
has  obvious  advantages. 

Ttie  principle  of  keeping  bacteria  in  a  dormant  state  by  desiccation  after  freez- 
ing has  been  known  for  several  years.  Shackell  (1)  was  one  of  the  first  to  call 
attention  to  its  advantages.  He  showed,  first,  that  after  freezing,  substances  such 
as  tissue  could  be  uniformly  dried;  second,  that  serum  retained  its  complement 
and  antibody  activity  unaltered  for  weeks;  and  third,  that  rabies  xdrus  in  rabbit 
brains  did  not  lose  its  virulence  when  kept  in  this  manner.  Hammer  (2)  dried 
bacteria  pre\'iously  frozen  on  strips  of  filter  paper,  and  kept  thera  from  54  to  57 
days.  Controls,  dried  without  freezing,  were  killed  immediately.  Shattock 
and  Dudgeon  (3)  showed  that  organisms  dried  on  charcoal  without  freezing  were 
usually  killed  in  from  4  to  40  days.    B.  pyocyaneus,  however,  lived  for  at  least  7 

*  Read  before  the  .\merican  and  Canadian  Section  of  the  International  Asso- 
ciation of  Medical  Museums,  New  York,  N.  Y.,  April  1,  1920. 
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months.  Macfadyen  (4)  and  Macfadyen  and  Rowland  (5)  demonstrated  that 
practically  all  bacteria  as  well  as  yeast  could  be  frozen  and  reduced  to  a  tempera- 
ture of  liquid  hydrogen,  i.e  — 252°C.,  and  later  recovered  in  a  viable  and  unchanged 
condition.  Rogers  (6)  finally  applied  the  principle  of  freezing  and  drying  on  a 
large  scale  so  that  mass  cultures  of  lactic  acid-forming  bacilli  could  be  preserved 
for  commercial  purposes.  He  suggested  the  use  of  this  method  for  the  preserva- 
tion of  stock  cultures  for  the  laboratory. 

For  the  past  6  years  we  have  been  using  this  method  in  the  preser- 
vation of  stock  cultures  of  streptococci  and  pneumococci.  Recently 
upon  attempting  to  recover  these  bacteria  it  was  found  that  if  they 
were  originally  prepared  under  proper  conditions  they  were  viable 
after  a  period  of  from  2  to  4  years.  Comparison  of  the  tubes  from 
which  the  organisms  could  not  be  recovered,  with  those  from  which 
they  were  easily  recovered,  showed  that  the  physical  state  of  the 
dried  material  had  much  to  do  with  the  viability  of  the  organisms. 
For  example,  of  twenty-two  tubes  in  which  it  was  possible  to  recover 
bacteria,  nineteen  were  in  a  condition  of  "dry  foam"  and  three  in 
a  condition  of  "flaky  gum."  Among  eleven  with  which  failure 
occurred,  nine  were  distinctly  gimimy,  one  showed  a  "flaky  gtmi," 
and  one  a  "dried  foam.''  This  physical  state  with  the  accompanying 
success  or  failure  was  present  immediately  after  the  organisms  were 
dried  or  after  4  years.  The  results  showed  that  it  was  necessary  to 
mamtain  the  frozen  state  until  dr\ang  was  complete;  this  led  to  the 
de\asing  of  the  present  method  in  which  the  tubes  are  immersed  in 
glycerol  which  acts  as  a  medium  for  the  conduction  of  cold  from  a 
salt-ice  mixture. 

MetJtod. 

Apparatus  {Text-Fig.  1). — A  desiccator  {D)  is  chosen  with  broad 
opposing  surfaces  on  cover  and  stop-cock.  It  is  usually  necessary 
to  regrind  all  opposing  glass  surfaces.  On  the  inner  side  of  the  desic- 
cator is  fastened  with  adhesive  plaster  a  small  mercury  manometer 
{M)  with  one  open  and  one  closed  end.  In  the  upper  part  of  the 
desiccator  is  a  receptacle  {R)  for  the  desiccating  salt;  if  phosphorus 
pentoxide  {Ph)  is  used  this  container  can  be  of  copper.  In  the 
bottom  of  the  desiccator  is  placed  about  4  cm.  of  commercial  glycerol 
{G).    A  pan  (P)  is  provided,  large  enough  to  hold  the  desiccator  and 
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a  salt-ice  mixture  (S)  which  is  packed  around  the  latter.  It  is  neces- 
sary to  have  a  mechanical  pump  that  will  give  a  vacuum  as  low  as 
2  or  3  mm.  of  mercury;  preliminary  exhaustion  of  the  larger  part  of 
the  air  can  be  conveniently  carried  out  with  the  ordinary  water 
pump. 

Preparation  of  Cultures. — The  object  to  be  attained  is  a  maximum 
number  of  young  actively  growing  forms  of  the  bacteria  in  a  minimum 


Text-Fig.  1.  Diagrammatic  cross-section  of  the  apparatus  used  for  freezing 
and  drying  bacterial  cultures  for  preservation.  D,  desiccator  jM,  mercury  manom- 
eter; R,  copper  receptacle  for  the  phosphorus  pentoxide  (P//);  G,  glycerol  in  the 
bottom  of  the  desiccator;  P,  pan  for  the  salt-ice  mixture  {S);TJ.  position  of  a  tube 
of  culture  during  freezing;  T  2,  position  of  a  tube  of  culture  during  desiccation. 

of  fluid.  It  is  necessary  to  have  enough  fluid  to  form  a  small  amount 
of  ice.  If  fluid  media  are  used  it  is  well  to  grow  the  organisms  for 
15  to  18  hours,  centrifugalize  the  culture,  and  discard  most  of  the 
supernatant  broth.  The  concentrated  bacteria  can  then  be  pipetted 
into  a  number  of  small  tubes  and  frozen.     With  certain  bacteria  it 
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is  necessary  to  use  the  growth  from  solid  media.  In  this  case  the 
growth  should  be  scraped  off  into  a  small  amount  of  condensation 
water  or  of  broth  that  has  been  added,  and  the  suspension  subse- 
quently pipetted  into  tubes.  We  have  found  it  convenient  to  use 
small  tubes,  about  10  cm.  long  and  from  5  to  10  mm.  in  diameter. 

M anipulalion . — After  the  culture  has  been  placed  in  the  small 
tubes  as  above  described  the  desiccator  containing  the  glycerol  is 
set  in"  the  pan  containing  the  salt  and  ice  mixture;  the  tubes  as  well  are 
immersed  in  this  mixture  and  the  cultures  frozen  (position  T  1,  Text- 
fig.  1).  Simultaneously  the  temperature  of  the  glycerol  is  reduced 
to  minus  4-6°C.  After  careful  lubrication  of  the  desiccator  cover 
and  stop-cock  and  after  the  glycerol  has  reached  a  proper  temperature 
and  the  bacterial  suspension  is  well  frozen,  the  tubes  are  immersed 
in  the  glycerol  (position  T  2) ,  the  phosphorus  pentoxide  is  put  in  the 
copper  pan,  and  the  cover  placed  securely  on  the  desiccator.  The 
air  is  then  exhausted  from  the  desiccator,  first  with  an  ordinary  water 
pump  and  finally  with  the  high  vacuum  pump,  during  all  this  time  the 
desiccator  being  kept  in  the  salt-ice  mLxture.  When  the  proper 
degree  of  vacuum  has  been  obtained  the  whole  apparatus  is  placed 
in  the  ice  box  where  it  is  left  until  desiccation  is  complete.'  This 
time,  in  our  experience,  is  usually  about  12  hours.  When  it  is  cer- 
tain that  desiccation  is  complete  the  tubes  are  removed  from  the 
desiccator,  the  cotton  stoppers  pushed  down  into  them,  and  melted 
paraffin  is  poured  in  until  the  tubes  are  thoroughly  sealed.  It  is 
usually  necessary  to  paraflSn  the  tubes  two  or  three  times  in  order  to 
insure  complete  sealing.  If  it  is  desired  to  keep  the  organisms  for 
many  years  the  tubes  may  be  sealed  by  melting  and  fusing  the  open 
ends  of  the  tubes.  After  the  tubes  have  been  well  labelled,  they  can 
be  kept  at  room  temperature,  preferably  in  the  dark. 

The  appearance  of  the  properly  dried  culture  is  that  of  a  very  light, 
spongy,  flaky  material.  If  it  is  separated  from  the  sides  of  the  tube 
it  can  be  shaken  about  and  looks  like  dried  lather  made  from  shaving 
soap. 

Recovery  of  Organisms. — The  organisms  may  be  recovered  in  one 
of  several  waj's.     For  such  bacteria  as  the  cocci,  and  those  of  the 

'  If  a  frigo  ice  bo.x  is  available  it  is  advisable  to  place  the  desiccator  at  a  teta- 
perature  below  zero. 
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colon,  typhoid,  and  dysentery  group,  as  well  as  other  organisms  that 
grow  easily  in  broth,  after  the  removal  of  the  stoppers,  broth  may 
be  added  directly  to  the  dried  powder  and  the  tubes  incubated. 
Organisms  like  meningococci  or  others  that  grow  better  on  solid 
media  are  best  recovered  by  picking  up  a  small  amount  of  the  dried 
material  on  a  platinum  loop  and  smearing  it  over  the  surface  of  suitable 
media,  after  it  has  been  moistened  in  the  water  of  condensation. 

Results  obtained  by  this  method  with  various  types  of  organisms 
are  given  below. 

Streptococci  and  Pneumococci. — Out  of  fifteen  strains  of  non-hemo- 
lytic' streptococci  kept  from  22  to  40  months,  all  except  two  showed 
growth  like  that  of  the  original  culture,  with  similar  fermentation 
reactions.  These  two,  however,  showed  similar  types  of  fennentation 
reactions  with  all  the  subcultures  recovered;  it  is  therefore  probable 
that  the  change  in  fennentation  occurred  before  the  organisms  were 
frozen.  In  the  strains  which  originally  showed  a  moderate  degree 
of  virulence,  the  virulence  was  maintained  after  the  recovery  of  the 
organism.  Four  strains  of  hemolytic  streptococci  have  been  recovered 
after  a  period  of  from  42  to  51  months.  Three  strains  of  pneumococci 
were  preserved  in  this  manner  and  upon  recovery  several  months 
later  had  retained  their  original  virulence  and  reaction  to  type  serum. 
One  of  the  strains  that  had  been  accustomed  to  grow  on  75  per  cent 
bile  retained  this  property  in  the  subcultures. 

Meningococci. — It  has  been  found  best  to  grow  meningococci  on 
solid  media,  scrape  off  the  growth  in  a  small  amount  of  water  of 
condensation,  and  freeze  the  resulting  suspension.  An  experiment 
was  perfonned  to  determine  how  small  an  amount  of  meningococci 
might  be  preserved  in  this  manner;  it  was  found  that  one  loopful 
suspended  in  0.2  cc.  of  broth  or  condensation  water  could  be  kept 
for  a  period  of  at  least  2  months  following  desiccation.  No  tests 
were  made  after  longer  intervals.  In  the  recovery  of  meningococci 
it  has  been  found  much  more  satisfactory  to  smear  the  dried  powder 
upon  the  surface  of  freshly  prepared  blood  agar  or  dextrose  serum 
agar;  the  addition  of  blood  dextrose  broth  to  the  dried  powder  has 
yielded  more  uncertain  results.  Bacillus  influenza  is  best  treated  in 
the  same  manner  as  meningococci. 
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Other  Organisms. — ^Typhoid,  paratyphoid,  and  dysentery  bacilli 
have  been  frozen  following  growth  cither  in  broth  or  on  solid  media. 
They  were  easily  recovered  by  adding  broth  to  the  dried  culture. 

Other  organisms  of  the  bacteria  group  have  not  been  tested  because 
it  is  felt  that  those  mentioned  above  represent  the  various  types. 
There  are  few  bacteria  more  delicate  and  more  difficult  to  maintain 
in  stock  cultures  than  the  meningococci  and  Bacillus  injluenza. 
Attempts  have  been  made  to  preserve  the  spirochete  of  relapsing 
fever  recovered  from  the  blood  of  rats  inoculated  with  these  organisms, 
but  the  freezing  seems  to  be  sufticient  to  kill  completely  all  the  organ- 
isms. It  is  probable  that  spirochetes  in  general  are  not  susceptible 
to  preservation  in  this  form,  as  a  number  of  different  strains  have 
been  shown  to  succumb  to  freezing.  No  work  has  been  carried  out 
by  us  with  filterable  viruses,  but  Harris  and  Shackell  (7)  have  shown 
that  the  virulence  of  rabies  virus  is  retained  in  this  manner.  Rous^ 
has  been  able  to  preserve  the  virus  of  chicken  sarcoma  by  a  similar 
method  for  7  years. 

SUMMARY. 

Attention  is  called  to  the  fact  that  bacteria  may  be  presersi-ed  for 
a  long  time  by  desiccation  in  the  frozen  state.  It  has  been  shown  that 
it  is  necessary  to  maintain  the  frozen  condition  until  desiccation  is 
complete ;  if  the  fluid  melts  before  the  moisture  is  completely  removed, 
the  organisms  are  killed,  probably  because  of  the  concentration  of  the 
salts  upon  the  surface  of  the  bacteria.  By  the  simple  expedient  of 
immersing  the  tubes  of  organisms  in  glycerol  contained  in  a  desic- 
cator and  subsequently  keeping  the  whole  apparatus  in  a  salt-ice 
mixture  until  drj'ing  is  complete,  the  organisms  are  easily  maintained 
in  the  frozen  state,  and  dry  properly.  Bacteria  preserved  in  this 
manner  retain  their  cultural,  biochemical,  and  immunological  charac- 
ters for  prolonged  periods. 

"  Rous,  P.,  personal  communication. 
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QUANTITATIVE     DISTRIBUTION    OF     PARTICULATE 
MATERIAL  (MANGANESE  DIOXIDE)  ADMINIS- 
TERED INTRAVENOUSLY  TO  THE  CAT. 

By  CECIL   K.   DRINKER,   M.D.,   and  LOUIS  A.   SHAW. 
(From  the  Laboratory  of  Applied  Physiology  of  Harvard  Medical  School,  Boston.) 

Plates  3  and  4. 
(Received  for  publication,  June  26,  1920.) 

INTRODUCTION. 

Tlie  distribution  of  particulate  material  introduced  intravenously  into  animals 
is  a  subject  which  has  been  approached  from  widely  different  points  of  view  during 
the  last  75  years.  There  is,  first,  a  large  literature  concerning  questions  of  lymph 
formation,  capillary  structure,  and  permeabiHty.  Thus,  such  easily  recognized 
objects  as  mercuric  sulfide  particles,  milk  droplets,  etc.,  have  been  followed  micro- 
scopically in  their  passage  from  blood  to  lymph,  and  numerous  efforts  have  been 
made  to  delineate  the  blood  capillaries  and  lymphatics  in  organs  such  as  the 
liver,  where  their  structure  is  still  a  matter  for  debate.  With  the  rise  of  histo- 
logical pathology  and  still  more  with  the  growth  of  bacteriology,  similar  intra- 
venous injections  have  been  made  with  the  idea  of  picturing  the  sites  of  lodgment 
of  infecting  microorganisms.  In  recent  years,  under  the  impetus  of  investigations 
by  Bouffard  (1),  Goldmann  (2),  and  others  upon  the  distribution  of  certain  col- 
loidal dyes,  many  different  types  of  injection  in  which  the  individual  particles 
are  visible  microscopically  have  been  employed.  In  these  instances  certain  ceUs 
which  are  easily  identified  by  their  tendency  to  take  up  dye  molecules  have  been 
shown  to  possess  power  to  phagocytose  visible  particulate  material  as  well. 

A  further  cause  for  the  complexity  and  extent  of  the  literature  is  found  in  the 
uncertainty  as  to  whether  bacteria,  living  or  dead,  exhibit  initial  points  of  lodg- 
ment similar  to  those  of  inert  particulate  material  such  as  carbon  and  mercuric 
sulfide. 

All  these  questions  result  in  an  extensive  and  confusing  literature,  which,  whUe 
it  discusses  in  quahtative  terms  many  important  histological  and  pathological 
points,  is  lacking  in  quantitative  data.  Thus  Ponfick  (3),  in  1869,  injected  sus- 
pensions of  mercuric  sulfide  intravenously  into  the  frog,  dog,  rabbit,  and  guinea 
pig.  The  amount  of  injection  used  is  not  made  clear.  There  are  no  data  as  to 
the  size  of  the  individual  particles,  whether  they  are  discrete  or  tend  to  agglutin- 
ate— in  short,  nothing  which  permits  judgment  upon  the  percentage  of  the 
injected  material  deposited  in  any  particular  organ,  not  as  a  result  of  embolism, 
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but  as  a  result  of  fundamental  properties  on  the  part  of  the  organ  in  question. 
The  experiments  of  Ponfick  (3)  depend  upon  histological  methods  for  determin- 
ation of  the  distribution  of  mercuric  sulfide,  and  while  such  methods  must  still 
be  used  in-  order  to  demonstrate  the  position  in  any  particular  organ  which 
deposited  material  occupies,  they  are  of  practically  no  value  in  demonstrating 
the  actual  extent  of  deposition  for  each  organ. 

With  the  exception  of  the  work  of  \'oigt  (4),  who  employed  colloidal  silver 
and  silver  iodide  injections  containing  particles  of  ultramicroscopic  size,  there  is 
a  decided  lack  of  information  upon  quantitative  distribution  of  particulate  mate- 
rial until  the  period  of  experiments  with  bacteria  is  reached.  This  deficiency 
arises  from  two  causes:  first,  carbon,  mercuric  sulfide,  carmine,  fat  droplets,  etc., 
are  not  capable  of  being  determined  quantitatively  in  tissue  except  with  difficulty 
and  at  best  inexactly;  and,  secondly,  the  investigators  who  have  employed  such 
agents  have  been  interested  in  histological  deposition  within  particular  organs 
and  cells  rather  than  in  the  exact  amounts  distributed  in  organs  throughout  the 
body. 

If  we  consider,  first,  the  question  of  inert  particulate  material  such  as  carbon, 
we  find  it  generally  held  that  intravenously  administered  suspensions  in  the 
mammal  lodge  immediately  in  the  liver,  spleen,  lungs,  and  bone  marrow.  In 
every  instance  the  impression  of  the  investigator  as  to  the  amounts  reaching  each 
organ  is  gained  from  histological  preparations,  and  in  order  to  make  these  prep- 
arations vivid  the  injected  animals  are  flooded  with  particles.  Under  such 
circumstances  one  may  report  that  certain  groups  of  cells  are  extremely  active 
in  engulfing  particles  and  may  assign  them  an  origin,  but  the  experiment  does 
not  lead  to  conclusions  as  to  the  normal  activity  of  the  different  organs  in  clearing 
the  circulating  blood  of  foreign  particles,  nor  does  it  give  reliable  information  as 
to  the  extent  to  which  the  organs  involved  engage  in  this  activity. 

It  is  thus  clear  that  important  information  in  regard  to  the  depo- 
sition and  fate  of  particulate  material  in  the  mammalian  body  must 
unfailingly  result  from  the  employment  of  a  substance  possessing 
certain  attributes.  The  material  must  be  insoluble  in  the  body 
fluids  and  unagglutinated  by  them,  capable  of  fine  subdi\ision  and 
suspension,  and  the  suspensions  employed  must  have  been  so  pre- 
pared as  to  contain  no  particles  or  aggregates  of  particles  capable  of 
blocking  capillaries.  The  material  must  be  xdsible  microscopically, 
and,  most  important  of  all.  it  must  be  susceptible  to  accurate  and 
rapid  chemical  quantitative  estimation  even  if  in  extremely  high 
dilution.  During  the  past  year  Reiman  and  Minot  (5)  have  developed 
a  method  for  the  quantitative  determination  of  manganese  which 
fulfills  the  chemical  requirements  of  the  situation.     In  manganese 
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dioxide,  with  which  this  communication  deals,  and  also  with  other 
compounds  of  manganese  to  be  reported  upon  at  a  later  date,  we  have 
found  material  which  meets  all  the  requirements  necessary  for  injec- 
tion experiments.  It  has  proved  possible  with  manganese  dioxide 
to  measure  the  rate  of  disappearance  from  the  circulating  blood,  to 
determine  the  amount  removed  by  different  organs,  and,  lastly,  ta 
correlate  these  findings  with  histological  observations  which,  with 
this  compound,  are  satisfactory,  since  the  particles  are  as  black  and 
as  distinctive  as  carbon. 

EXPERIMENTAL. 

Manganese  Dioxide  Suspension. 

The  suspensions  used  for  injection  have  been  made  from  one  5 
pound  bottle  of  J.  T.  Baker's  powdered  manganese  dioxide,  chemically 
pure  (84.5  per  cent).  10  gm.  of  manganese  dioxide  are  thoroughly 
shaken  with  200  cc.  of  distilled  water,  centrifugalized  several  times 
at  high  speed,  and  the  supernatant  liquid  is  discarded  until  the 
particles  have  been  thoroughly  washed  and  the  finest  material  has 
been  largely  eliminated. 

The  next  step  is  to  eliminate,  by  slow  centrifugalizing,  the  larger 
particles,  and  in  particular  the  clots  composed  of  aggregates  of  small 
particles.  This  slow  centrifugalizing  is  effected  in  a  0.4  per  cent 
acacia  solution,  the  acacia  serving  to  hold  up  the  finer  particles  and 
thus  rendering  the  selective  process  of  the  centrifuge  more  effective. 
The  acacia  used  for  the  purpose  is  taken  from  a  10  per  cent  solution 
to  which  0.1  per  cent  sodium  hydroxide  is  added  until  the  solu- 
tion is  just  alkaline  to  phenolphthalein.  The  supernatant  liquid 
from  this  period  of  centrifugalization  is  saved  and  the  residue  dis- 
carded, since  it  contains  the  particles  which  are  large  enough  to  cause 
embolism. 

In  the  numerous  different  suspensions  used  by  us  during  the  past 
year  care  has  been  taken  not  to  employ  those  containing  particles 
or  aggregates  of  particles  larger  than  1m.  The  experimental  data 
which  follow  record  deposition  of  manganese  dioxide  in  milligrams 
of  manganese.  While  the  suspensions  employed  permit  enumeration 
of  the  individual  particles,  it  is  cumbersome  to  record  deposition  in 
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individual  organs  in  terms  of  number  of  particles,  nor  is  it  essential 
to  do  this  provided  care  has  been  taken  to  keep  the  injected  material 
uniform.  The  actual  number  of  particles  in  the  suspensions  per 
milligram  of  manganese  has  varied  between  2.5  and  5  billion. 

The  linal  suspension,  in  a  0.4  per  cent  acacia  solution,  is  sterilized 
and  put  up  in  bottles  for  future  use.  Experience  has  demonstrated 
the  fact  that  a  suspension  of  manganese  dioxide  cannot  be  preserved 
free  from  aggregates  of  particles  unless  it  stands  in  0.4  per  cent  acacia 
solution  and  is  sterile.  Before  making  an  injection  the  suspension 
is  made  slightly  saline  to  the  extent  of  0.5  per  cent  sodium  chloride, 
but  under  no  condition  should  the  suspension  containing  sodium 
chloride  be  allowed  to  stand  over  a  period  of  hours,  since  even  with 
acacia  present  there  is  a  tendency  for  the  particles  to  aggregate.  This 
tendency  is  not  great,  the  stabilizing  power  of  even  small  traces  of 
acacia  being  pronounced,  but  since  it  seems  advisable  to  make  injec- 
tions in  which  the  particles  are  as  nearly  absolutely  discrete  as  pos 
sible,  we  emphasize  the  above  precaution. 

In  order  to  prove  that  manganese  dioxide  is  insoluble  in  blood  we 
attempted  to  determine  whether  the  compound  used  could  be  found 
to  have  dissolved  when  it  was  exposed  to  the  action  of  sterile  blood 
at  38°C.  Owing  to  difficulties  with  filtration  and  to  fear  that  methods 
involving  precipitation  of  the  blood  proteins  might  also  remove  traces 
of  soluble  manganese,  we  eventually  substituted  for  blood  a  solution 
having  the  following  composition : 

Sodium  chloride 8.0 

Potassium    "     0.2 

"        acid  phosphate 0 .  05 

Sodium  bicarbonate 10 

Calcium  chloride 0.2 

Made  up  to  1,000  cc.    Hydrogen  ion  concentration  =  0.3  X  10~'. 

After  shaking  up  manganese  dioxide  in  this  solution  the  mixture 
was  allowed  to  stand  in  an  incubator  at  38°C.  for  6  hours,  and  then 
filtered  at  high  pressure.  The  filter  employed  consisted  of  an 
alundum  thimble  reenforced  by  a  collodion  membrane  and  fixed  in 
a  brass  cylinder  in  such  a  manner  as  to  be  subjected  to  pressure 
from  an  oxygen  tank.     Filters  of  this  type  were  shown  to  pennit  the 


CECIL   K.   DRINKER   AND   LOUIS   A.    SHAW  81 

passage  quantitatively  of  soluble  manganese  salts.  The  filtrate 
resulting  from  the  above  procedure  proved  entirely  free  from  man- 
ganese, from  which  fact  it  seems  safe  to  assume  that  the  manganese 
dioxide  introduced  into  the  mammalian  organism,  if  dissolved  by  the 
blood,  undergoes  this  process  so  slowly  as  to  be  negligible. ^ 

Finally,  we  have  made  m  vitro  agglutination  experiments  with 
cat  and  rabbit  serum  and  manganese  dioxide  suspensions  such  as 
have  been  used  for  injection,  and  after  thorough  incubation  at  38°C. 
have  obtained  no  e\'idence  that  agglutination  of  particles  takes  place. 
It  is  probable  that  blood  serum  could  be  used  to  supply  protective 
colloids  in  making  such  suspensions  instead  of  acacia. 

Quantitative  Determination  of  Manganese  and  the  Normal  Manganese 
Content  of  Cat  Tissues. 

We  have  employed  the  method  for  manganese  determination  devel- 
oped by  Reiman  and  Minot  (5),  taking  the  organs  from  th^  animals 
immediately  after  they  have  been  bled  to  death,  and  using  not  less 
than  30  gm.  specimens  when  the  latter  were  obtainable. 

The  second  column  of  Table  I  gives  the  average  amount  of  manga- 
nese in  mg.  per  100  gm.  of  wet  tissue  taken  from  fifteen  normal  cats. 
In  the  third  column  will  be  found  the  average  value  of  the  same 
tissue,  except  the  liver,  lung,  and  spleen,  taken  from  twelve  cats 
1  hour  after  an  injection  of  manganese  dioxide.  With  the  exception 
of  the  kidney  the  two  columns  are  practically  identical,  and  in  the 
case  of  this  organ  the  difference  is  extremely  small.  It  is,  of  course, 
necessary  to  omit  the  liver,  lungs,  and  spleen  from  this  table,  since 
these  organs  constitute  the  chief  repository  for  the  manganese  dioxide 
injected. 

^  Recent  experiments  with  manganese  dioxide  indicate  that  in  the  presence  of 
organic  matter  traces  of  carbonic  acid  may  cause  very  fine  particles  to  dissolve. 
While  such  solution  may  be  of  importance  for  the  final  elimination  of  manga- 
nese dioxide,  it  is  of  negligible  consequence  in  the  1  hour  experiments  recorded 
in  this  paper. 
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TABLE   I. 


Average  Manganese  Content  per  100  Cm.  of  Wet  Tissue  in  the  Organs  of  Fifteen 
Normal  Cats  and  of  Twelve  Cats  Injected  Intravenously  with  Manganese  Dioxide. 


Organ. 


Liver 

Lung 

Spleen 

Kidney 

Stomach 

Small  intestine 

Colon 

Brain 

Spinal  cord.. .. 

Muscle 

Urine 


Amount  of  manganese  per  100  gm.  of 
wet  tissue. 


In  normal  animals. 

Id  animals  1  br.  after 

injection  of 
manganese  dioxide. 

mt- 

mj. 

0.341 

0  031 

0  069 

0  136 

0.221 

0  046 

0.056 

0.044 

0.060 

0.086 

0  074 

0,035 

0.044 

0.059 

0.041 

0.025 

0.024 

0 

0 

Details  of  an  Injection  Experiment. 

Experiments  have  been  performed  upon  cats  anesthetized  with 
urethane,  2  gm.  per  kilo,  and  upon  normal  animals  in  which  a  vein 
for  injection  has  been  exposed  under  local  anesthesia.  Blood  pressure 
and  respirations  have  been  recorded  during  injection  in  many  experi- 
ments under  general  anesthesia,  and  as  is  indicated  by  Fig.  1  toxic 
effects  have  not  been  obser\'ed.  The  following  protocol  illustrates 
the  course  of  a  typical  experiment. 

Z)<ife.— February  4,  1920. 
Weight  of  Cat. — 3.7  kilos. 

Anesthesia. — 37  cc.  of  25  per  cent  urethane  solution. 

Suspension. — 0.14  mg.  of  manganese  per  cc,  0.5  per^  cent  sodium  chloride,  and 
0.4  per  cent  acacia. 

Injection. — 10  cc.  of  suspension  per  kilo. 

10  X  3.7    =  37  cc. 

37  X  0.14  =  5.18  mg.  of  manganese 

Injection  Time. — Start,  11.21|  a.m.;  finish,  11.235  a.m.  Duration  2  minutes, 
20  seconds. 
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Blood  samples. 

Tracings. 

No. 

Time  taken. 

Length  of  time 
after  injection. 

No. 

Time  taken. 

1 
2 

3 
4 

a.  w. 

11.26J 
11.41i 

p.  m. 
12.261 
12.46i 

win. 

3 

18 

63 

83 

1 
2 

3 

4 

a.  m 

11.19 

11.37 

p    m. 

12  20 
12.40 

Rate  of  Disappearance  of  Manganese  Dioxide  fron.  the  Ciraclatin, 

Blood. 
As  a  means  of  indicating  the  rate  at  which  manganese  dioxide 
pattlles'eave  the  blood  stream,  10  cc.  samples  of  blood  were  taken 
aUn    rvals  from  the  carotid  artery.     As  an  average  procedure  fou 
specimens  were  taken  from  each  cat  at  varying  intervals.     Samples 
oMessThan  10  cc    would  be  insufficient  to  yield  positive  results  if 
L  ma  g  Le^ere  still  present  to  the  extent  of  0.020  mg^per    00 
cc      The  normal  manganese  content  of  cat  blood  is  so  low    hat  it 
is  safe  to  assume  that  anv  manganese  detectable  m  a  sample  of  blood 
not    xceed  ng  25  cc.  mu;t  be  due  to  the  injection.     It  was  found  in 
Is  teases  tLt  taking  more  than  four  samples  (agg-gatrng/  ^-• 
of  blood)  so  lowered  the  blood  pressure  as  to  mterf ere  with  the  cir  u 
tL.    While  low  blood  pressure  ^lone  ^^  -\^^^:;;^:^,  ^^a  ^^^ 
distribution  of  manganese  dioxide  or  the  rate   at  which  it    leaxes 
the  blood  stream,  we  have  not  included  in  these  observations  experi- 
ments  in  which  serious  reductions  occurred. 

T^b le  II  displays  the  data  from  which  certain  conclusions  may  be 

drawn  regarding  L  rate  of  elimination.     The  time  interval  is  mdi- 

c    ed  by  the  number  of  minutes  which  elapsed  between  the  kst  drop 

of  the  iniection  and  the  first  drop  of  blood  coUected.     The  actual 

Le  reqSed  for  the  process  of  injection  and  of.blo^d-t.^uig  is 

insignificant.     As  an  example,  the  figures  m  Experiment  5  niay  be 

interpreted.     The  cat  weighed  2.4  kilos  and  -^  ^^tT  ota 

suspension  containing  1.4  mg.  of  manganese  per  kilo  of  cat  or  a  total 

of  .36  mg.  of  manganese.     3  minutes  after  the  completion  of  the 

injecL  fo  cc.  of  blood  were  taken,  which  upon  analysis  yielded 
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0.007  mg.  of  manganese.  The  manganese  content  of  the  blood  is 
calculated  per  100  cc;  therefore  in  the  table  the  above  value  appears 
as  0.070  mg.  Again,  after  an  interval  of  18  minutes  from  the  time  of 
injection,  the  blood  was  found  to  be  negative,  which  means  that  100 
cc.  contain  less  than  0.020  mg.  of  manganese.  Examination  of  Table 
II  indicates  that  elimination  from  the  circulation  is  not  in  any  manner 
dependent  upon  the  dose  administered  per  kilo. 

TABLE   11. 

Rate  of  Disappearance  of  Manganese  Dioxide  from  the  Circulating  Blood  in 

Normal  Cats. 


Experi- 
ment 

No. 

Amount  of 

manganese 

per  kilo 

of  cat. 

Total 
amount  of 
manganese 
injected. 

Amount  of  manganese  per  100  cc.  of  blood. 

Length  of  time  after  injection. 

3  min. 

8  min. 

18  min. 

63  min. 

68  rain. 

ra«. 

mg. 

1 

2.45 

4.17 

0 

0 

2 

1.40 

4.48 

0.030 

0 

3 

1.40 

3.22 

0.040 

0 

4 

1.40 

3.22 

0.046 

0 

5 

1.40 

3.36 

0  070 

0 

6 

2.45 

4.17 

0.085 

0 

7 

2.45 

6.40 

0.093 

0 

8 

1.40 

4.16 

0.107 

0 

9 

0.86 

2.75 

0.140 

0.080 

0 

10 

1.40 

3.92 

0.080 

0.070 

0.040 

11 

1.40 

5.17 

0.138 

0.088 

12 

2.00 

5.20 

0.267 

0.160 

0.088 

13 

2.00 

5.40 

0.418 

0.244 

0.139 

In  nine  experiments  out  of  the  thirteen,  the  blood  is  found  to  be 
negative  after  an  interval  of  18  minutes.  In  the  four  in  which  positive 
results  are  found  after  18  minutes,  though  the  process  of  elimination 
is  steady  and  progressive,  the  experiment  has  not  been  prolonged 
sufficiently  to  reach  the  end-point.  Within  the  limits  of  injection 
amounts  recorded  in  Table  II  elimination  is  either  rapid  and  complete, 
or  very  slow  and  constant,  not  depending  upon  the  dose  or  concen- 
tration of  the  injection  but  upon  some  unknown  factor  in  the  indi- 
vidual animal. 
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It  has  been  said  that  alterations  in  blood  pressure  had  no  effect 
upon  the  rate  of  disappearance  of  manganese  dioxide  from  the  circu- 
lating blood.  We  attempted  to  alter  both  distribution  and  rate  of 
disappearance  by  a  variety  of  maneuvers  but  were  unsuccessful. 
Fig.  2  shows  an  experiment  upon  a  urethanized  cat  weighing  2.9 
kilos  in  which,  after  recording  the  blood  pressure,  a  25  cc.  specimen 
of  blood  was  taken,  and  then  35  cc.  of  a  20  per  cent  solution  of  acacia 
in  physiological  salt  solution  were  injected.  Immediately  following 
this  injection  24  cc.  of  manganese  dioxide  suspension  containing 
4.69  mg.  of  manganese  were  introduced.  The  results  of  analyses 
upon  the  blood  specimens  are  given  in  Table  III. 

TABLE    III. 

Disappearance  of  Manganese  Dioxide  from  the  Circulating  Blood  Following  a 
Large  Injection  of  Acacia  Solution. 

Amount  of  manganese  per  kilo  of  cat,  1.62  mg.  Total  amount  of  manganese 
injected,  4.69  mg. 


Length  of  time  after  injection. 

Amount  of  manganese  per  100  cc.  of  blood. 

min. 

mg. 

3 

0.109 

18 

0 

63 

0 

?3 

0 

103 

0 

It  is  obvious  that  the  high  acacia  concentration  in  this  animal  had 
no  effect  in  holding  particles  within  the  circulating  blood.  There 
is  complete  removal  in  less  than  18  minutes,  just  as  is  most  often 
true  for  normal  animals.  Analysis  of  the  tissues  of  this  cat  showed 
deposition  of  manganese  dioxide  in  the  organs  and  in  the  proportion- 
ate amounts  characteristic  of  normal  animals,  so  that  neither  the 
existence  of  acacia  in  high  concentration  within  the  blood  vessels 
nor  the  very  high  blood  pressure  (220  mm.  of  mercury)  in  any  way 
affected  the  result.  In  another  animal  under  similar  conditions  of 
anesthesia  the  blood  pressure  was  lowered  markedly  by  histamine 
and  remained  low  during  the  1  hour  period  following  manganese 
dioxide  injection.  Here  again  results  were  obtained  which  differ  in 
no  way  from  those  gained  with  normal  animals. 
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It  is  thus  shown  that  two  substances,  acacia  which  reduces  capillary 
permeability  and  histamine  which  increases  it,  have  no  effect  either 
upon  the  removal  from  the  blood  stream  or  upon  the  distribution  of 
the  particles  studied. 

When  suspensions  of  manganese  dioxide  far  stronger  than  those 
employed  in  the  instances  cited  in  Tables  II  and  III  are  used,  the 
blood  does  not  become  free  in  1  hour.  In  Table  IV  results  are  given 
showing  the  manganese  content  of  the  blood  at  the  end  of  varying 
periods  of  time  and  following  large  injections. 

TABLE    IV. 

Manganese  Content  of  the  Circulating  Blood  Following  Large  Injections. 


Length  of  time  after  injection. 

Amount  of  manganese  injected. 

Amount  of  manganese  per  100  cc. 
of  blood. 

hrs. 

mj. 

mg. 

1 

40.6 

0.480 

6 

36.1 

0.560 

18 

36.1 

0.533 

19 

36.1 

0.245 

Distribution  of  Manganese. 

A  series  of  twenty  injection  experiments  was  carried  out  in  order 
to  determine  the  distribution  of  manganese  throughout  the  body  of 
the  cat  after  an  interval  ranging  from  63  to  83  minutes.  An  analysis 
of  the  liver,  lung,  spleen,  kidney,  stomach,  small  intestine,  colon,  brain, 
spinal  cord,  muscle,  blood,  and  urine  of  twelve  cats  gave  evidence 
that  the  first  three  organs  were  the  only  tissues  affected  to  any  sig- 
nificant degree  by  an  intravenous  injection  of  manganese.  Table  V 
shows  the  results  obtained  with  reference  to  the  liver,  lung,  and  spleen. 

The  weight  of  manganese  normally  existing  in  a  particular  organ 
of  an  injected  cat  must  be  deducted  from  the  weight  of  manganese 
recovered  from  it.  For  example,  a  liver  taken  from  an  injected  cat 
weighs  87  gm.;  the  manganese  content  of  normal  cat  liver  is  0.341 


mg.  per  100  gm.  of  tissue;  87  gm.,  therefore,  contains 


Vioo  / 


0.297  mg.  of  manganese;  the  above  liver  was  found  to  contain  3.740 
mg.  of  manganese;  deduct  the  normal  content  (3.740  —  0.297)  and 
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the  manganese  content  of  this  liver  resulting  from  the  injection  is 
3.443  mg.  All  the  values  in  Table  V  have  been  arrived  at  in  this 
manner. 

The  concentration  of  the  suspension  will  be  seen  to  vary  from 
0.100  to  0.245  mg.  of  manganese  per  cc.     The  dose  of  manganese 


TABLE   V. 


Distribulion  of  Manganese  in  the  Liver,  Lung,  Spleen,  and  Other  Organs  Following 
the  Intravenous  Injection  of  Manganese  Dioxide. 


Experi- 
ment No. 

Amount  of 

manganese 

per  cc.  of 

suspension. 

Amount  of 
manganese 
injected. 

Per  cent  of 

injected 

manganese  in 

liver.  lung, 

and  spleen. 

Per  cent  of 
injected 

manganese 
in  other 
organs. 

Per  cent  of 
injected 

manganese 
in  liver. 

Per  cent  of 
injected 

manganese 
in  lung. 

Percent  of 
injected 

manganese 
in  spleen. 

mg. 

»>«. 

1 

0.100 

4.80 

85 

15 

24 

51 

10 

2 

0.165 

4.96 

92 

8 

27.5 

62.5 

2 

3 

0.245 

8.36 

90 

10 

29.3 

56.4 

4.3 

4 

0.221 

4.20 

87.3 

12.7 

30 

53.8 

3.5 

5 

0.245 

7.54 

88 

12 

32.7 

50.7 

4.6 

6 

0.245 

8.07 

88.5 

11.5 

33 

50 

5.5 

7 

0.187 

4.68 

91.4 

8.6 

34.4 

54 

3 

8 

0.245 

7.53 

88 

12 

34.5 

52 

1.5 

9 

0.245 

5.48 

83.3 

16.7 

35.5 

40.2 

7.6 

10 

0.245 

9.80 

83.5 

16.5 

35.5 

42.5 

5.5 

11 

0.245 

4.17 

86 

14 

39 

45 

2 

12 

0.140 

3.92 

97 

3 

40 

53 

4 

13 

0.245 

7.81 

93.7 

6.3 

40.5 

47.5 

5.7 

14 

0  245 

6.40 

89 

11 

40.5 

40 

8.5 

15 

0.100 

7.00 

85.5 

14.5 

41 

37.5 

7 

16 

0.245 

4.17 

90 

10 

45 

42.5 

2.5 

17 

0.245 

5.39 

89 

11 

46.5 

40.5 

2 

18 

0.245 

7.28 

96 

4 

51 

41 

4 

19 

0.245 

6.20 

99 

1 

52.5 

45 

1.5 

20 

0.195 

6.05 

93 

7 

53 

38 

2 

Average     

90 

10 

38.3 

47 

4  3 

administered  varies  according  to  the  weight  of  the  cat  and  the  con- 
centration of  the  suspension.  Except  in  Experiments  1  and  15, 
10  cc.  of  suspension  were  injected  per  kilo  of  cat.  In  Experiments 
1  and  15,  20  cc.  per  kilo  of  a  comparatively  weak  suspension  were 
injected.  Thus,  in  Experiment  11a  suspension  having  a  concentration 
of  0.245  mg.  of  manganese  per  cc.  was  injected  into  a  cat  vveighing 
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1.7  kilos.  If  10  cc.  per  kilo  are  injected  the  close  must  contain  (0.245 
X  17)  4.17  mg.  of  manganese. 

Column  4  gives  the  per  cent  of  the  injected  manganese  recovered 
from  the  liver,  lung,  and  spleen.  Column  5  represents  the  amount  of 
manganese  which  has  escaped  the  liver,  lung,  and  spleen,  and  there- 
fore must  be  deposited  in  other  parts  of  the  body. 

Column  6  shows  the  per  cent  of  the  injected  manganese  recovered 
from  the  liver.  In  Experiment  11,  for  instance,  of  the  4.17  mg.  of 
manganese  injected  into  the  cat,   1.63  mg.  were  found  in  the  liver, 

representing  (  — —  J  39  per  cent.  Columns  7  and  8  give  the  same  cal- 
culations as  applied  to  the  lung  and  spleen  respectively.  Text-fig.  1 
gives  graphically  the  salient  facts  derived  from  Table  V. 

Such  variations  in  the  concentration  of  the  suspension  as  we  have 
employed  have  had  no  effect  upon  the  distribution  within  the  organ- 
ism. It  would  appear  that  the  work  of  eliminating  the  manganese 
from  the  blood  stream  is  divided  between  the  liver  and  the  lung  in 
such  a  manner  that  they  act  reciprocally;  that  is,  following  injection 
about  85  per  cent  of  the  particles  are  at  once  removed  by  the  liver 
and  lung,  the  lung  usually  receiving  the  larger  part,  but  in  every 
instance  what  is  not  taken  by  one  of  these  organs  is  taken  by  the 
other.  There  is  an  insignificant  amount,  14.7  per  cent  as  an  average, 
in  the  twenty  experiments  recorded  in  Table  V,  which  goes  to  other 
organs.  The  spleen  receives  a  constant  slight  increment,  but  the 
small  and  variable  size  of  this  organ  in  the  cat  causes  great  variation 
in  the  amount  deposited  in  it.  An  average  of  4.3  per  cent  in  twenty 
different  spleens  represents  the  activity  of  this  organ.  The  kidney, 
intestinal  tract,  and  bone  marrow  retain  manganese  dioxide  particles 
in  varying  and  minute  amounts,  totaling  10  per  cent  in  the  experi- 
ments recorded  in  Table  V. 

DISCUSSION. 

The  results  which  we  have  obtained  relative  to  the  rate  of  disap- 
pearance of  manganese  dioxide  from  the  circulating  blood  are  not 
paralleled  by  any  other  work  with  injections  of  non-living  material. 
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Hoffmann  and  Langerhans  (6)  employed  a  suspension  of  mercuric  sulfide 
containing  0.5  gm.  per  cc.  of  water.  Large  amounts  of  the  suspension  were 
injected.  In  guinea  pigs  receiving  3.9  gm.  of  mercuric  sulfide,  cells  containing 
cinnibar  granules  were  found  in  the  blood  24  days  after  injection.  It  is  impos- 
sible to  determine  the  history  of  such  particles,  and  the  same  is  often  true  in  more 
recent  work  with  carbon,  carmine,  etc. 

With  injections  of  microorganisms  the  case  is  difTerenl.  The  experiments 
of  Wyssokowitsch  (7),  who  introduced  a  variety  of  yeasts  and  microorganisms 
intravenously  into  dogs  and  rabbits,  demonstrate  a  partial  or  complete  dis- 
appearance of  these  particles  from  the  circulating  blood  shortly  after  injection. 
In  two  experiments  on  yeasts  a  few  spores  were  left  at  the  end  of  1  hour, 
though  the  injection  was  enormous.  Saprophytic  bacteria  such  as  B.  subtilis 
disappeared  with  extreme  rapidity  and  completeness.  In  one  instance  when 
1  cc.  of  a  concentrated  suspension  was  introduced  in  the  rabbit  the  blood 
proved  sterile  after  15  minutes.  With  organisms  such  as  B.  anlhracis  and  Staph- 
ylococcus aureus  the  initial  rates  of  renK)val  from  the  blood  stream  seem  compar- 
able to  those  obtained  with  saprophytic  organisms,  but  in  these  instances  there 
is  later  a  tendency  for  the  appearance  in  the  blood  of  large  numbers  of  organ- 
isms, and  this  phenomenon  is  followed  by  the  death  of  the  animal.  Wyssoko- 
witsch (7)  had  no  conception  of  many  of  the  reactions  which  may  be  aroused 
by  injected  protein  material.  His  results  merely  indicate  the  promptitude  with 
which  the  blood  gets  rid  of  very  large  numbers  of  living  foreign  particles.  Bull 
(8)  has  examined  more  fully  the  rate  and  mannerof  disappearance  of  streptococci, 
pneumococci,  and  tj^phoid  bacilli  from  the  blood  of  the  rabbit.  The  manner  in 
which  this  animal  meets  such  infection  varies  with  the  aggressive  power  of  the 
bacteria  employed  and  the  defensive  power  of  the  animal,  but  essentially  removal 
from  the  blood  stream  seems  to  foUow  the  lines  already  laid  down  by  Wyssoko- 
witsch (7).  Thus,  with  streptococci  of  low  \Trulence  BuU  (8)  reports  an  injection 
into  the  ear  vein  of  0.25  cc.  per  kilo  of  a  bouillon  culture  of  streptococci.  After 
30  minutes  52  colonies  were  obtained,  following  the  use  of  a  uniform  technique 
for  blood  culture.  After  2  hours  1  colony  was  found,  after  48  hours  100  colonies 
were  obtained,  and  after  72  hours  the  colonies  became  so  numerous  as  to  be 
uncountable.  Later  another  rabbit  injected  with  the  same  strain  and  dose 
of  streptococci,  attenuated  in  virulence  as  a  result  of  continued  cultivation  on 
artificial  media,  showed  sterility  of  the  blood  at  the  end  of  2  hours,  and  this 
sterihty  was  maintained  until  168  hours  had  passed,  when  there  was  a  reappear- 
ance of  streptococci  in  the  blood  stream  followed  shortly  by  the  death  of  the  animal. 

With  t>-phoid  bacilli  BuU  (8)  presents  the  following  experiment.* 

"A  rabbit  weighing  2,000  gm.  was  given  jV  of  a  24  hour  agar  slant  of  typhoid  bacilli 
in  the  ear  vein.  Blood  cultures  made  from  the  heart  at  stated  intervals  gave  the  results 
indicated  in  Table  I." 

2  BuU,  C.  G.,  J.  Exp.  Med.,  1915,  xxii,  476. 
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TABLE  I. 

Time  after  injection. 

No.  of  colonies  per  cc. 

min. 

1 
2 

5 

15 
20 

10,000,000 

2,500,000 

100.000 

40 

1 

Although  we  cannot  make  a  direct  and  final  comparison  between 
intravenous  bacterial  injections  and  intravenous  injections  of  non- 
living material  such  as  the  manganese  dioxide  employed  in  the 
present  study,  it  seems  established  that  in  as  far  as  the  immediate 
removal  from  the  blood  stream  is  concerned  the  two  types  of  injection 
are  treated  similarly  by  the  animal.  Furthermore,  although  the  cat 
differs  from  other  animals  in  the  organs  which  take  foreign  material 
from  the  blood  stream,  it  does  not  seem  to  differ  in  the  rate  at  which 
material  is  removed. 

Bull  (8),  in  the  case  of  pneumococci  and  typhoid  bacilli,  has  related  the  speed 
and  thoroughness  of  blood  sterilization  in  the  intravenously  injected  rabbit  to 
an  in  vivo  agglutination  of  the  organisms  in  question  by  means  of  immune  bodies 
present  in  the  animal  or  introduced  just  prior  to  injection  of  the  culture  employed. 
He,  however,  does  not  make  exphcit  just  how  this  agglutination  brings  about 
blood  steriHzation  except  in  instances  in  which  the  blood  infection  is  massive  and 
there  is  evident  blockage  of  the  vessels,  particularly  in  the  lungs,  by  large  clumps 
of  organisms.  When,  however,  the  bacteria  are  less  numerous,  their  clumping 
is  not  mentioned  as  an  important  factor  in  removal  from  the  blood  stream  but 
seems  to  signal  a  condition  which  is  followed  promptly  by  phagocytosis.  Finally, 
it  is  of  importance  to  note  that  the  organs  in  which  the  clumped  bacteria  are 
chiefly  removed  are  designated  by  Bull  (8)  as  liver,  spleen,  and  lungs.  These 
are  the  points  at  which  non-hving  and  non-agglutinated  living  particles  accumu- 
late. If,  in  Bull's  (8)  observations,  embolism  ofifered  an  explanation  for  removal 
of  the  organisms  from  the  circulating  blood,  there  is  no  obvious  reason  why  the 
capillaries  of  other  organs  such  as  muscle  should  not  take  part  in  the  sterilization. 
That  they  do  not  is  thus  evidence  for  some  specific  type  of  activity  in  certain 
organs  resulting  in  bacterial  removal  from  the  blood  and  favored  in  some  way, 
not  understood,  by  the  action  of  immune  bodies  in  bringing  about  agglutination. 

Kitagawa  (9)  injected  pneumococci  unagglutinable  by  the  serum  of  the  rabbit 
ill  vitro  and  unagglutinable  by  the  blood  of  the  same  animal  in  vivo.  The  latter 
fact  he  proved  by  isolating  samples  of  infected  blood  between  ligatures  placed 
about  the  larger  blood  vessels.     He  concluded  that  the  disappearance  of  the 
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organisms  from  the  blood  stream  "could  not  be  due  to  a  purely  mechanical  fil- 
tration of  agglutinated  masses  by  the  tissue  capillaries,  but  that  it  necessitated 
some  active  biological  cooperation  of  the  capillary  cells"  (10).' 

In  the  present  work  the  failure  to  aflect  the  rate  of  removal  of 
manganese  dioxide  from  the  circulating  blood  and  to  alter  the  ratio 
of  distribution  in  different  organs  through  changes  in  blood  pressure 
and  in  concentration  of  the  suspensions  employed,  points  again  to 
the  fact  that  some  specific  activity  on  the  part  of  particular  cells  in 
certain  organs  is  responsible  for  removal  and  that  simple  mechanical 
factors  are  of  little  or  no  importance. 

Mallory  (11)  has  called  attention  to  the  fact  that  practically  all  vascular  endo- 
thelium can  become  phagocytic.  Thus,  if  blood  vessels  are  injured  it  can  be 
shown  that  during  the  process  of  wound  repair  phagocytic  cells  arise  from  the 
proliferating  endothelium  (12).  There  has  long  been  a  controversy  as  to 
whether  such  cells  did  not  wander  into  the  traumatized  area  from  recognized 
sites  of  origin  as  the  milk  patches  of  the  omentum.  Foot  (13)  in  recent  experi- 
ments upon  this  subject  found  that  proliferating  vascular  endothehum  is  mark- 
edly phagocytic.  He  discusses  the  question  as  to  whether  connective  tissue 
cells  in  foci  of  inflammation  may  not  also  contribute  phagocytes,  but  concludes 
that  they  do  not. 

It  therefore  becomes  apparent  that  phagocytosis  is  a  potential  property  of 
vascular  endothelium.  In  certain  localities,  such  as  in  the  capillaries  of  muscle,  this 
power  does  not  seem  to  be  exhibited  except  following  injury  and  resulting  pro- 
liferation. Other  regions,  notably  the  liver,  spleen,  and  lung  of  the  cat,  possess 
vascular  endothelium  which  under  normal  conditions  is  capable  of  removing 
foreign  particulate  material  from  the  circulating  blood.  With  bacteria  there  is 
evidence  that  the  ability  of  the  endothelium  to  perform  this  function  varies. 
Manwaring  and  Coe  (10)  perfused  the  livers  of  normal  and  immunized  rabbits  with 
defibrinated  blood  to  which  pneumococci  had  been  added.  In  the  normal  rabbit 
even  a  dozen  passages  through  the  liver  reduce  the  pneumococcic  count  but 
slightly,  whereas  in  the  animal  actively  immunized  against  pneumococci  two  to 
five  passages  sterilize  the  perfusing  blood.  This  effect  is  attributed  to  an  opsonin 
which  so  alters  the  pneumococci  as  to  cause  them  to  adhere  to  the  endothelial 
cells  Uning  the  liver  capillaries.  The  same  opsonin  is  practically  inoperative  in 
promoting  bacterial  removal  by  endothelial  cells  of  extrahepatic  tissues. 

Hopkins  and  Parker  (14)  injected  streptococci  intravenously  in  cats  and  rab- 
bits and  found  an  initial  deposition  for  the  cat  in  the  lungs,  liver,  and  spleen  with 
slight  lodgment  in  bone  marrow,  lymph  nodes,  muscle,  and  kidney.  The  lung 
of  the  cat  received  the  largest  number  of  organisms,  whereas  in  the  rabbit   the 

'  Kitagawa,  K.  J.,  quoted  by  Manwaring  and  Coe  (10),  p.  402. 
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lung  is  far  less  active  than  the  liver.  In  a  subsequent  paper  Lund,  Shaw,  and 
Drinker  (15)  bring  out  the  same  difference  between  the  cat  and  the  rabbit  in  the 
handling  of  manganese  dioxide  particles.  These  animals,  therefore,  exhibit  an 
initial  capacity  to  remove  foreign  material  from  the  circulating  blood  which  is  the 
same  for  living  and  non-living  material  provided  the  particles  in  question  are  of 
approximately  the  same  size.  Hopkins  and  Parker  (14)  report  that  in  the  rabbit 
which  has  been  partially  immunized  against  streptococci  the  lung  exhibits  an  ini- 
tial power  to  remove  the  organisms  equal  to  that  seen  in  normal  cats.  Here, 
again,  there  is  evidence  of  varying  activity  which  in  the  last  analysis  seems  to 
reside  in  the  capOlary  endothelium.  While  in  the  case  of  carbon  and  starch 
(16,  17)  it  has  been  shown  that  there  are  non-specific  opsonins  which  promote 
phagocytosis,  it  has  never  been  possible  to  display  variation  in  the  deposition  or 
rate  of  removal  of  non-protein  material  as  a  result  of  repeated  injections.  While, 
therefore,  one  may  conclude  that  the  initial  reaction  of  the  animal  against  foreign 
particles  is  the  same,  in  the  case  of  bacteria  subsequent  reactions  accompUsh- 
ing  removal  from  the  blood  stream  may  be  modified  as  a  result  of  the  appearance 
of  immune  bodies. 

The  actual  mechanism  by  which  the  particles  are  removed  is  evidently  highly 
specialized  in  certain  organs.  It  involves,  first,  an  arrest  of  the  particles  as  they 
pass  through  the  capillaries.  There  is  no  evidence  in  our  own  histological  prep- 
arations that  this  arrest  is  the  result  of  embolism,  nor,  as  has  been  pointed  out, 
is  there  evidence  in  experiments  with  bacteria  that  embolism  plays  an  important 
part.  In  the  case  of  the  lung  Hopkins  and  Parker  (14)  make  the  following 
statement.^ 

"In  lung  sections  of  animals  killed  10  to  30  minutes  after  injection  it  is  clear  that  some 
of  the  cocci  are  held  within  the  leucocytes  in  the  capillaries.  It  is  equally  clear  that  the 
majority  are  not  located  within  leucocytes.  iVIany  of  them  lie  in  large  mononuclear  cells 
which  are  probably  the  swollen  endothelium  of  the  capillaries;  others  lie  in  an  eosin- 
staining  matrix  which  may  represent  a  section  through  endothelial  protoplasm,  or  pos- 
sibly some  substance  from  the  blotid  deposited  about  them. 

"In  order  to  study  this  point  more  accurately,  we  have  etherized  and  killed  cats 
within  30  minutes  after  injection,  washed  the  lungs  as  free  as  possible  by  perfusion  with 
salt  solution,  and  then  fixed  them  by  injecting  HeUy's  fluid  under  moderate  pressure  in 
order  to  keep  the  capillaries  dijtended.  In  sections  fixed  in  this  way  the  streptococci 
are  not  washed  from  the  capillaries;  even  leucocytes  are  stUl  present  in  moderate  numbers. 
Of  the  mechanism  by  which  the  cocci  are  held,  however,  we  are  still  in  doubt,  though  many 
appear  to  be  in  endothelial  cells." 

Foot  (13),  who  made  large  injections  of  a  carbon  suspension  in  rabbits  daily 
over  a  considerable  period,  states  that  the  capillary  endothelial  cells  take  up  the 
particles.  Slavjansky  (18),  several  days  after  a  heavy  intravenous  injection  of 
mercuric  sulfide  in  rabbits,  found  cells  containing  the  substance  free  in  the  alveoli. 

■*  Hopkins  and  Parker  (14),  p.  11. 
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He  believed,  as  did  Tchistovitch  (19),  on  the  basis  of  similar  observations,  that 
these  cells  were  derived  from  the  macrophages  of  the  circulating  blood.  In  all 
the  instances  cited  the  injections  were  extremely  large.  Sewell  (20)  injected  a 
rabbit  iiilravcnously  with  a  carbon  suspension,  the  strength  of  which  is  not  indi- 
cated. He,  however,  filtered  it  carefully  and  seems  to  have  avoided  the  possi- 
bility of  pulmonary  embolism,  a  contingency  from  which  Foot's  (1,^)  experiments 
would  not  seem  to  be  free.  He  found  little  or  no  carbon  deposited  in  the  rabbit 
lung  and  no  carbon-containing  cells  in  the  alveoli,  and  contends  that  certain 
of  the  alveolar  cells  have  the  property  of  taking  up  particles  from  the  air  but 
not  from  the  alveolar  structure  upon  which  they  rest. 

In  the  present  study  histological  preparations  made  from  cats 
killed  1  hour  after  injection  of  manganese  dioxide  have  shown  the 
material  in  the  following  locations  in  the  lung.  (1)  A  very  small 
amount,  seen  only  after  protracted  search,  is  still  within  the  capil- 
laries and  apparently  free.  These  granules  are  usually  single  or  in 
small  groups.  Thej^  do  not  seem  to  be  attached  to  any  cells,  but 
evidently  are  not  progressing  through  the  lungs,  since  we  have  found 
them  so  situated  when  the  circulating  blood  was  entirely  free  from 
manganese.  (2)  Particles  are  found  in  or  on  the  surface  of  the  capil- 
lary endothehal  cells.  This  fraction  represents  the  larger  part  of  the 
lung  content.  (3)  Groups  of  particles,  not  agglutinated,  lie  within 
the  alveolar  septa,  particularly  at  points  where  septal  junctions  occur. 
These  points  represent  the  second  most  important  site  of  the  particles. 
(4)  Granules  are  seen  within  large  lining  alveolar  cells  which  occur 
particularly  at  points  of  alveolar  junction.  Occasionally  these  cells 
lie  free  within  the  alveoli. 

We  beheve  that  the  initial  lodgment  of  practically  all  particles  in 
the  lung  is  within  or  upon  the  lining  capillary  endothehum.  This 
deposition  of  manganese  dio.xide  is  very  uniform  through  the  dif- 
ferent lobes  of  the  lung.  As  this  deposition  must  e.xpress  the  extent 
of  the  capillary  bed  at  the  moment  of  injection,  it  is  a  fair  assumption 
that  the  capillary  blood  flow  is  proportionally  uniform  through  the 
different  lung  lobes  moment  by  moment. 

The  function  of  the  liver  in  remo\dng  foreign  particles  from  the 
blood  stream  is  of  greater  significance  than  that  of  the  lung.  In 
the  cat  we  have  found  a  large  initial  deposition  of  manganese  dioxide 
in  the  lungs,  but  we  have  been  able  to  show^  that  from  the  3rd 

^Drinker,  C.  K.,  and  Shaw,  L.  A.,  unpublished  observations. 
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hour  following  injection  the  material  in  the  lungs  begins  to  diminish, 
accumulating  at  first  in  the  liver  and  from  this  organ  passing  into  the 
intestinal  canal.  Furthermore,  as  pointed  out  by  Lund,  Shaw,  and 
Drinker  (15),  the  lungs  of  the  common  laboratory  animals,  with  the 
exception  of  the  cat,  achieve  only  a  slight  share  of  blood  steriliza- 
tion. The  capillary  bed  of  the  liver  differs  from  that  of  the  lung  in 
that  the  lining  endothelium  contains  elements,  the  stellate  cells  of 
Kupffer  (21),  which  have  long  been  known  to  be  actively  phagocytic. 
It  has  also  been  contended  that  these  capillary  walls  are  incomplete 
(22),  permitting  material  in  the  portal  system  to  move  directly  into 
the  liver  cells.  Whether  or  not  this  is  true,  it  seems  certain  that  the 
liver  cells  themselves  have  little  to  do  with  the  initial  removal  of 
foreign  material  from  the  portal  blood. 

The  initial  positions  of  manganese  dioxide  in  the  livers  of  cats 
injected  as  in  these  experiments  are  as  follows:  (1)  Particles  are 
found  free  within  the  capillaries.  Just  as  with  the  lung,  even  when 
the  circulating  blood  of  the  animal  shows  no  manganese,  occasional 
single  particles  and  groups  of  particles  are  found  in  the  capillaries. 
They  are  not  intracellular  and  as  far  as  can  be  seen  are  completely 
unattached  to  the  capillary  walls.  Shipley  and  Cunningham  (23) 
immersed  the  omentum  of  the  decerebrate  cat  in  an  India  ink  suspen- 
sion, and  after  an  interval  found  many  fine,  free  carbon  particles  in 
the  liver  capillaries.  They  present  evidence  that  this  material  is 
taken  up  by  the  omental  capillaries  and  express  surprise  upon  finding 
it  outside  cells  within  the  blood  channels  of  the  liver.  Apparently  the 
particles  which  we  introduced  directly  into  the  blood  stream  became 
arrested  in  the  same  way,  but  none  of  the  sections  has  given  any 
evidence  of  capillary  blockage.  (2)  Large  collections  of  particles 
are  seen  in  or  upon  the  Kupffer  cells.  These  cells  unquestionably 
account  for  the  great  activity  of  the  liver  in  clearing  the  circulation 
of  foreign  material.  The  ultimate  fate  of  substances  engulfed  by 
them  is  unknown.  There  is  no  e^^dence  which  indicates  that  material 
once  deposited  in  the  liver  becomes  free  in  the  sense  of  passing  back 
into  the  circulation  to  be  deposited  elsewhere.  Once  taken  up  by  the 
liver,  particles  may  be  considered  to  be  on  the  way  toward  removal 
from  the  body.  (3)  Occasional  granules  are  found  upon  the  surface 
of  the  liver  cells.     At  the  end  of  1  hour  these  are  very  few  and  repre- 
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sent  an  unimportant  method  of  disposal,  a  point  against  the  theory 
of  the  immediate  relation  of  the  liver  parenchyma  to  the  portal  blood. 

In  the  case  of  the  spleen  manganese  dioxide  is  found  diffusely 
scattered  through  the  pulp.  Many  of  the  particles  are  free  and  many 
have  been  taken  up  by  large  phagocytic  cells.  As  with  other  types 
of  injection,  the  Malpighian  corpuscles  are  quite  free  from  particles. 
The  capillary  circulation  of  the  spleen  is  open,  and  diffuse  deposition 
of  material  through  the  pulp  is  the  natural  expectation  under  such 
mechanical  conditions.  The  presence  of  phagocytic  endothelial  cells 
throughout  the  pulp  assures  the  seizure  of  material  which  drifts  into 
this  tissue,  but  the  ultimate  fate  of  particles  so  phagocytosed  is 
unknown. 

In  addition  to  the  lungs,  liver,  and  spleen,  we  have  found  varying 
small  deposits  of  manganese  dioxide  in  other  organs.  The  bone 
marrow  remains  comparatively  free.  Bacterial  lodgment  often  occurs 
in  the  marrow,  which  is  known  to  be  a  reservoir  of  endothelial  phago- 
cytes. In  spite  of  these  facts  we  have  found  it  of  little  or  no  impor- 
tance in  clearing  the  blood  of  manganese  dioxide.  The  kidney  and 
the  intestinal  tract  in  general  take  the  material  in  varying  small 
amounts  in  different  animals.  Often  they  have  remained  absolutely 
negative  and  at  best  are  of  little  importance.  Muscle,  skin,  and 
nervous  tissue  are  invariably  free.  In  this  relation  it  may  be  noted 
that  while  Hopkins  and  Parker  (14)  in  their  studies  of  streptococcic 
lodgment  found  minimal  numbers  initially  removed  in  muscle,  they 
attribute  the  eventual  serious  consequences  in  their  animals  to  pro- 
liferation of  these  muscle  organisms,  finding  that  those  removed  by 
the  liver,  lungs,  and  spleen  have  far  less  chance  for  growth. 

CONCLUSIONS. 

1.  Manganese  dioxide  suspended  in  an  acacia-sodium  chloride 
solution  provides  a  non-toxic  injection  which  in  the  present  experi- 
ments has  contained  no  particles  larger  than  lyU  and  which,  when 
deposited  in  the  body,  can  be  determined  quantitatively  and  seen 
microscopically. 

2.  Intravenous  injections  have  been  made  under  precautions  which 
preclude  removal  from  the  blood  or  deposition  in  organs  through 
simple  capillary  blockage. 
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3.  In  nine  experiments  out  of  thirteen  the  circulating  blood  con- 
tained no  manganese  after  18  minutes.  In  the  four  remaining 
instances  there  was  a  steady  slight  elimination  which  was  incomplete 
at  the  end  of  1  hour.  Within  certain  limits  the  rate  of  removal  from 
the  circulating  blood  and  the  sites  of  deposition  in  the  animal  are 
not  influenced  by  the  concentration  of  the  suspension,  the  blood 
pressure,  or  antecedent  introduction  of  acacia  or  histamine. 

4.  In  the  cat  amounts  of  manganese  dioxide  varying  between  9.8 
and  3.9  mg.  of  manganese  and  containing  from  50,000,000,000  to 
10,000,000,000  particles,  if  injected  intravenously,  permit  recovery 
at  the  end  of  1  hour  of  90  per  cent  of  the  material  in  the  lungs,  liver, 
and  spleen  in  the  following  proportions:  lungs  47  per  cent;  liver  38.3 
per  cent;  spleen  4.3  per  cent. 

5.  These  experiments,  coupled  with  correlative  results  by  other 
investigators,  make  it  clear  that  in  certain  organs — the  lungs,  liver, 
and  spleen  of  the  cat — the  vascular  endothelium  possesses  phagocytic 
power  rendering  the  capillaries  permeable  to  particulate  material  as 
well  as  to  gases,  liquids,  and  dissolved  substances. 
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EXPLANATION  OK   PLATES. 

Plate  3. 

Fig.  1.    Injection  of  manganese  dioxide  suspension  into  the  femoral  vein. 
Upper  curve  respiration,   downstrokes  representing  inspiration.    Lower  curve 
blood  pressure.     Base-line  1  minute  intervals  marking  upward;  injection  signalled 
downward.    Between  Tracings  1,  2,  3,  and  4,  specimens  of  blood  were  withdrawn , 
for  analysis. 

Plate  4. 

Fig.  2.  Tracing  1  indicates  normal  blood  pressure.  Between  this  tracing  and 
No.  2,  25  cc.  of  blood  were  withdrawn  from  the  carotid  artery.  Tracing  2  indi- 
cates first  the  low  blood  pressure  consequent  upon  this  hemorrhage  and  then 
the  rise  attendant  upon  acacia  solution  and  manganese  dio.xide  solution  injec- 
tions. Tracings  3,  4,  and  5  indicate  the  blood  pressure  during  the  remainder  of 
the  experiment.  The  gradual  fall  of  pressure  is  due  to  withdrawal  of  blood  for 
analysis. 
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STUDY  OF  THE  CLASSIFICATION  OF  MENINGOCOCCI.* 

By  AUGUSTUS  B.  WADSVVORTH.  M.D.,  RUTH  GILBERT,  and  ALICE  HUTTON. 

(From  the  Division  of  Laboratories  and  Research  of  the  New  York  State  Department 

of  Health,  Albany.) 

(Received  for  publication,  July  9,  1920.) 

Work  on  the  classification  of  meningococci  was  started  in  January, 
1918,  in  order  to  determine  whether  it  was  possible  to  classify  by 
their  agglutination  and  antigenic  properties  a  sufficient  number  of 
strains  among  the  cultures  at  our  disposal,  so  that  satisfactory  repre- 
sentative cultures  could  be  selected  for  standardizing  serums  or 
immunizing  horses.  At  that  time  53  meningococcus  cultures  were 
being  used  in  these  laboratories  in  immunizing  horses  for  the  pro- 
duction of  antimeningococcus  serum  and  for  the  standardization  of 
the  serum  by  agglutination  tests.  By  the  methods  of  immunization 
then  in  use  no  attention  was  paid  to  serological  differences,  except 
that  the  strains  of  meningococci  which  showed  the  least  agglutination 
in  the  serum  of  the  horses  under  immunization  were  injected  more 
frequently  than  the  others.  The  objection  to  this  procedure  is 
evident,  for  antibodies  may  be  produced  for  the  strains  which  show 
very  little  agglutination,  to  the  detriment  of  antibody  production 
for  the  strains  which  are  more  agglutinable.  It  was  thought  that  a 
better  balance  might  be  obtained  by  injecting  representative  cultures 
in  equal  amounts,  if  it  was  found  that  a  few  cultures  representative 
of  all  or  nearly  all  meningococci  could  be  selected. 

The  principal  methods  used  to  differentiate  meningococci  into 
groups  have  been  the  agglutination  test  and  the  absorption  of  agglu- 
tinin test.  Complement  fixation  and  virulence  tests  have  been  of 
questionable  value  owing  to  difficulty  of  technique  and  to  the  slight 
or  variable  pathogenicity  of  the  meningococcus  for  small  laboratory 
animals. 

*  Presented  at  the  47th  annual  meeting  of  the  American  Public  Health  Asso- 
ciation, New  Orleans,  La.,  October  27  to  30,  1919. 
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Technique  for  the  AggluHiialion  Tests. — The  meningococcus  stock 
cultures  were  kept  on  serum  dextrose  agar  or  semisolid  ascitic 
fluid  agar.  Transfers  for  agglutination  tests  were  made  on  dextrose 
serum  agar  slants  and  incubated  at  37°C.  for  18  hours.  Suspensions 
were  made  up  with  0.85  per  cent  saline  solution  to  a  density  equal  to 
that  of  barium  sulfate  Standard  No.  3,  which  approximates  2,000 
million  cocci  per  cc.  The  serum  dilutions  were  made  up  with  0.85 
per  cent  sahne  solution.  The  agglutination  tests  were  set  up  in 
small  racks  in  3  by  §  inch  tubes,  equal  parts  (0.2  cc.  each)  of  serum 
dilution  and  culture  suspension  being  used  for  each  tube.  Incubation 
was  at  55°C.  for  24  hours.  The  tubes  were  shaken  3  hours  before 
reading,  as  it  had  been  found  that  shaking  increased  and  made  more 
uniform  the  agglutination  titer  of  the  serum. 

In  some  of  the  tests  the  cultures  were  grown  on  plain  dextrose 
agar  for  18  hours  at  37°C.,  the  growth  was  suspended  in  0.85  per  cent 
saline  solution,  the  suspensions  were  heated  at  65°C.  for  30  minutes, 
and  0.5  per  cent  phenol  was  added.  They  were  then  diluted  to  the 
required  density. 

Technique  for  the  Absorption  Tests. — For  the  absorption  tests  a 
method,  based  largely  upon  the  observations  of  TuUoch'  and  of  Gor- 
don," was  devised  and  tested  by  suspending  in  a  serum  its  homologous 
culture  under  different  conditions.  Two  densities  of  culture  sus- 
pension, both  heated  and  unheated,  and  two  temperatures  of  incuba- 
tion were  used.  The  results  are  shown  in  Table  I.  Satisfactory 
absorption  of  the  agglutinins  took  place  only  when  the  heated,  dense 
suspensions  of  culture,  incubated  at  55°C.,  were  used. 

A  dense  suspension  containing  about  30,000  million  cocci  per  cc. 
was  secured  by  suspending  in  0.85  per  cent  saline  solution  the  18 
hour  growth  on  dextrose  agar,  which  had  been  incubated  at  37°C., 
then  heating  to  65°C.  for  |  hour,  and  adding  0.5  per  cent  phenol. 

'Tulloch,  W.  J.,  On  the  differentiation  by  means  of  the  absorption  of  agglu- 
tinin test  for  types  of  meningococci  (etc.),  J.  Roy.  Army  Med.  Corps,  1917, 
xxix,  66. 

^  Gordon,  M.  H.,  Bacteriological  studies  in  the  patholog>-  and  preventive 
control  of  cerebro-spinal  fever  among  the  forces  during  1915  and  1916.  I. — The 
definition  of  the  meningococcus,  Med.  Research  Com.,  Nat.  Health  Insurance, 
Special  Rep.  Series,  Xo.  3,  1917,  10. 
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Equal  parts  of  the  serum,  diluted  to  1 :  25  with  saline  solution,  and  the 
suspension  of  cocci  to  be  tested  were  thoroughly  mixed  and  incubated 
at  55°C.  for  2  hours  and  then  placed  in  the  ice  box  at  5-8°C.  The 
next  morning  the  tubes  were  centrifugalized  at  high  speed  for  §  hour, 
or  longer  if  necessary,  to  throw  down  all  the  bacteria,  and  the  superna- 

TABLE   I. 

Degrees  of  Absorption  with  Heated  and  Unhealed  Suspension,  Incubated  at  37° 
and  55°C.,  and  a  Thin  and  a  Dense  Suspension. 

A  Type  II  serum  was  saturated  with  its  homologous  culture  under  varying 
conditions,  and  after  incubation  and  centrifugaUzation  the  supernatant  fluid  was 
decanted  and  tested  in  a  series  of  dilutions  against  its  homologous  culture 
according  to  the  standard  method. 


Suspension. 

No.  of  cocci  per  cc. 

Temperature  at 

which  culture  was 

heated  for  i  hr. 

Temperature  at 

which  culture  was 

incubated  with 

serum  for  2  hrs. 

Agglutination  of 

supernatant  fluid 

with 

homologous  culture, 

Type  II. 

millions 

°C. 

°C. 

A 

5,000 

65 

55 

1:400 

AA 

5,000 

65 

37 

1:400 

B 

30,000 

65 

55 

0 

BB 

30,000 

65 

37 

1:100 

C 

5,000 

55 

1:600 

CC 

5,000 

37 

1:600 

D 

30,000 

55 

1:300 

DD 

30,000 

37 

1:600 

tant  fluid  was  decanted  and  tested  against  the  homologous  culture  of 
the  serum.  A  sample  of  the  same  serum  was  incubated,  centri- 
fugalized, and  tested  in  the  same  dilutions  as  the  saturated  serum. 

The  monovalent  type  serums  were  produced  in  rabbits  according 
to  the  method  suggested  by  Amoss.^ 

RESULTS. 


Standard  suspensions  and  serums  of  the  four  types  of  Gordon 
were  sent  to  this  laboratory  by  the  British  Medical  Research  Com- 
mittee.    Living  cultures  of  the  four  types  of  meningococci  were  sent 

'Amoss,  H.  L.,  quoted  by  Flexner,  S.,  Mode  of  infection,  means  of  prevention 
and  specific  treatment  of  epidemic  meningitis,  /.  Am.  Med.  Assn.,  1917,  bci.x,  639. 
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to  US  by  Dr.  W.  H.  Park,  of  the  Department  of  Health  of  the  (  ity 
of  New  York,  who  had  received  them  from  Colonel  Gordon.  Tests 
were  made  of  the  standard  suspensions  with  the  standard  serums 
and  with  our  monovalent  normal,  para,  and  irregular  serums;  also 
the  standard  serums  were  tested  with  our  stock  cultures.  The  results 
of  the  tests  were  not  altogether  clear-cut  and  satisfactory  because 
the  standard  serums  and  suspensions  were  not  tested  until  after  the 
expiration  date  recorded  on  them.  It  was  very  clearly  indicated, 
however,  that  Types  I,  II,  and  III  of  Gordon  corresponded  respec- 
tively to  the  normal,  para,  and  irregular  types.  The  same  relation 
was  indicated  by  a  study  of  the  living  cultures  of  Types  I,  II,  and 
III  of  Gordon. 

We  were  unable  to  designate  any  of  the  cultures  of  our  series  as 
belonging  to  Type  IV  of  Gordon.  The  Type  IV  standard  suspen- 
sion showed  only  a  trace  of  agglutination  in  the  homologous  serum, 
but  when  tested  with  the  normal,  para,  and  irregular  serums,  it  was 
agglutinated  in  a  1:100  dilution  by  the  para  type  serum,  and  in  a 
1 :  300  dilution  by  the  irregular  type  serum.  These  reactions,  together 
with  those  of  the  Type  IV  li\ang  culture  from  Dr.  Park,  seem  to 
indicate  that  Type  IV  may  not  be  a  separate  group  but  possibly  a 
poorly  agglutinating  strain  belonging  to  Type  II  or  III. 

Agglutination  tests  were  made  with  53  stock  cultures  in  the  mono- 
valent rabbit  serums  produced  against  the  selected  strains  of  normal, 
para,  and  irregular  meningococci.  43  of  the  53  cultures  were  classified 
into  three  distinct  groups:  six  as  Type  I,  thirteen  as  Type  II,  and 
twenty-four  as  Type  III.  One  culture  was  agglutinated  in  Serums 
I  and  III,  two  groups  which  are  said  to  be  related.  Nine  cultures 
could  not  be  classified  into  these  groups  because  they  did  not  agglu- 
tinate in  sufiiciently  high  dilutions  of  the  four  monovalent  type  serums, 
which  were  used  to  classify  the  other  cultures.  The  tjpe  serums 
employed  comprised  one  of  Type  I.  two  of  Type  II,  and  one  of  Type 
III.  Some  of  the  unclassified  cultures  might  conceivably  be  cultures 
which  were  not  readily  agglutinated.  Others  might  only  have  failed 
to  react  with  the  particular  monovalent  serum  with  which  they  were 
tested.  With  monovalent  serums  produced  with  other  representa- 
tives of  the  groups  they  might  have  been  agglutinated. 
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The  three  types,  Nos.  I,  II,  and  III,  the  recognition  of  which  was 
based  upon  the  agglutination  test,  seemed  to  be  distinct  when  the 
absorption  test  was  used,  in  that  Type  I  culture  absorbed  the  specific 
agglutinins  from  Tj^je  I  serum,  and  did  not  absorb  them  from  Type 
II  or  Type  III  serum ;  likewise  Type  II  and  Type  III  cultures  absorbed 
the  agglutinins  from  their  respective  homologous  serums  and  not  from 
the  other  types. 

Stability  of  the  Serological  Types  of  Meningococci. 

The  constancy  of  the  reactions  of  meningococcus  strains  has  at 
times  been  questioned;  that  is,  whether  a  culture  at  one  time  gives 
reactions  that  would  indicate  its  classification  in  one  group  and  at  a 
later  time  its  classification  in  another  group.  The  reactions  with  at 
least  some  strains  may  be  constant  for  considerable  periods  of  time, 
for  tests  at  weekly  intervals  with  six  strains  under  cultivation  on  the 
standard  media  used  for  all  strains  for  2  years  have  shown  no  change 
so  far  as  the  agglutination  reaction  is  concerned. 

Variations  in  Reaction  of  Four  Type  IT  Cultures  and  One  Type  IV. 

A  study  was  made  of  the  variations  in  reaction  among  the  cultures 
of  our  series.  We  record  here  the  dififeren<;es  found  in  some  of  the 
T3T)e  II  meningococcus  cultures,  and  in  the  culture  which  we  received 
as  a  Gordon  Type  IV. 

Tulloch''  and  others  have  noted  that  the  strains  of  Type  II  differ  in  their  agglu- 
tination reactions,  and  Dopter  and  Pauron^  suggest  that  their  group  of  parame- 
ningococci  which  corresponds  to  the  Tv'pe  II  of  Gordon  might  be  divided  into 
three  subgroups.  Both  French  and  British  workers  have  noted  the  relation 
between  Types  II  and  IV  of  Gordon. 

Monovalent  serums  obtained  from  rabbits  immunized  against  Type 
II  Cultures  1  and  4  agglutinated  Type  II  Cultures  1,  4,  46,  and  G2 
(the  Gordon  Type  II  culture  received  from  Dr.  Park).     Monovalent 

"■TuUorh,  W.  J.,  Agglutination  and  absorption  of  agglutinin  reaction,  ./.  Roy. 
Army  Med.  Corps,  1918,  ,xxx,  115. 

^  Dopter  and  Pauron,  Differenciation  des  parameningocoques  entre  eu.x  par  la 
saturation  des  agglutinins,  Compl.  rend.  Soc.  biot.,  1914,  Lxxvii,  231. 
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scrums  obtained  by  immunization  with  Tyj^c  II  Cultures  46  and  G2 
agglutinated  in  high  dilution  Type  II  Cultures  46  and  G2,  but  did 
not  agglutinate  Type  II  Cultures  1  and  4  except  in  low  dilution. 

Type  II  Cultures  46  and  G2  absorbed  the  agglutinins  from  serum 
obtained  by  immunization  with  Type  II  Culture  4,  and  these  cultures 
also  absorbed  the  Type  II  agglutinins  from  serum  obtained  by  immuni- 
zation with  Cultures  46  and  02.  It  is  evident  that  the  agglutination 
reaction  alone  failed  to  bring  out  the  relation  of  these  cultures,  but 
that  in  absorption  tests  they  reacted  similarly.  It  is  nevertheless 
evident  from  the  agglutination  reaction  that  Cultures  1  and  4  might 
be  said  to  represent  one  subgroup  and  Cultures  46  and  G2  another. 

No  cultures  were  secured  which  typified  Gordon's  Type  IV  save 
the  culture  which  came  originally  from  Gordon  and  which  we  desig- 
nated as  G4.  A  monovalent  serum  obtained  from  a  rabbit  immunized 
with  this  culture  agglutinated  in  high  dilution  Type  II  Cultures  1, 
4,  46,  and  G2,  but  did  not  agglutinate  its  homologous  culture,  No. 
G4,  except  in  low  dilution.  It  is,  therefore,  a  culture  which  is  not 
readily  agglutinated  but  seems  to  be  active  as  an  antigen.  Culture 
G4  did  not  absorb  the  agglutinins  for  Type  II  cultures  from  the  serum 
of  a  rabbit  immunized  with  Type  II  Culture  4,  but  absorbed  these 
agglutinins  from  serums  obtained  by  immunization  with  Nos.  46 
and  G2.  Although  not  readily  agglutinable,  the  culture  was  appar- 
ently active  as  an  antigen  in  the  development  of  T^^pe  II  agglutinins, 
and  was  capable  of  absorbing  agglutinins  for  some,  but  not  all  Type 
II  cultures  from  the  homologous  serum.  Although  a  relation  between 
Culture  G4  and  the  second  group  of  Gordon  was  thus  indicated,  it 
was  the  only  culture  of  our  series  which  was  suiiiciently  definite  in 
its  reactions  to  suggest  the  fourth  group  of  Gordon.^ 

It  seems  possible  that  Type  II  is  a  complex  group  and  that  its 
members  cannot  be  properly  differentiated  by  the  agglutination 
reaction,  although  strains  which  react  typically  may  be  classified 
in  it. 

These  irregular  reactions  of  agglutination  and  absorption  suggested 
that  the  agglutination  reaction  is  not  a  satisfactory  basis  for  a  final 

*  Further  study  is  now  being  made  of  the  variations  in  agglutination  and 
absorption  of  the  cultures  which  have  been  reported  to  comprise  the  fourth  group 
of  Gordon. 
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classification,  although  it  might  be  of  value  in  differentiating  groups 
so  that  representative  strains  could  be  selected  for  certain  purposes 
such  as  the  immunization  of  animals  to  obtain  polyvalent  serums. 
That  the  selection  of  the  representative  strains  based  upon  the  results 
of  this  study  was  of  value  in  producing  a  polyvalent  serum  in  horses 
is  well  shown  by  the  fact  that  such  serum  agglutinated  all  cultures  of 
our  series  in  high  dilution. 

CONCLUSION. 

The  meningococcus,  like  some  other  pathogenic  species,  varies  in 
its  agglutination  in  immune  serum,  some  strains  being  readily  agglu- 
tinable  while  others  agglutinate  with  difiBculty  in  their  homologous 
serum  as  well  as  in  heterologous  serums.  The  different  strains  appear 
to  vary  also  in  their  action  as  antigens.  In  order  to  secure  repre- 
sentative strains,  therefore,  it  was  thought  necessary  to  consider  the 
antigenic  action  as  well  as  the  agglutinability  of  the  cultures. 


COMPARISON  OF  THE  POTENCY  OF  POLYVALENT  ANTI- 
MENINGOCOCCUS  SERUM  PRODUCED  WITH  FOUR 
AND    SIX   REPRESENTATIVE    STRAINS   AND 
THAT  PRODUCED  WITH  SLXTY  STRAINS, 
AS  DETERMINED  BY  THE  AGGLU- 
TINATION TITER.* 

By  AUGUSTUS  B.  WADSWORTH,  M.D. 

{From  the  Division  of  Laboratories  and  Research  of  the  New  York  Slate  Department 

of  Health,  Albany.) 

(Received  for  publication,  July  9,  1920.) 

In  the  treatment  of  cerebrospinal  fever  by  antimeningococcus 
serum  the  polyvalency  of  the  serum  has  been  considered  of  the  utmost 
importance.  Yet  the  potency  of  the  polyvalent  serum  against  the 
individual  strain  may  be  sacrificed  by  immunizing  with  a  large 
number  of  strains.  The  technical  difficulties  of  developing  such  a 
serum  make  its  production  onerous,  while  the  methods  of  testing  its 
therapeutic  potency  are  also  burdensome  and  far  from  satisfactory. 
Furthermore,  in  New  York  State  the  regulations  for  the  production 
and  standardization  of  antimeningococcus  serum  for  sale  require 
immunization  with  and  tests  against  only  four  representative  strains. 
Manufacturers  then  might  not  use  more  than  the  four  strains  required 
and  it  is  important  to  determine  what  effect  this  procedure  would 
have  on  the  polyvalency  of  the  serum. 

Although  the  agglutination  test  is  not  a  satisfactory  method  of 
determining  therapeutic  potency,  it  is  the  only  one  that  suggests  the 
degree  of  polyvalency.  The  practical  value  of  complement  fixation 
or  of  measuring  the  bacteriotropin  content  has  not  been  demon- 
strated, and  there  is  no  satisfactory  protection  test. 

In  this  study  one  horse  was  immunized  with  four  strains,  another 
with  six,  and  the  serums  obtained  from  these  horses  were  compared 

*  Presented  at  the  47th  annual  meeting  of  the  American  Public  Health  Asso- 
ciation, New  Orleans,  La.,  October  27  to  30,  1919. 
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with  the  serum  obtained  from  a  horse  which  had  been  immunized 
with  the  regular  stock  meningococcus  cultures — 60  strains  in  all, 
including  the  six  which  were  used  in  the  immunization  of  the  horses 
under  investigation.  The  serum  from  the  horse  immunized  with  the 
large  number  of  cultures  was  representative  of  the  classical  method, 
since  it  had  been  found  to  compare  favorably  with  serum  produced  by 
The  Rockefeller  Institute  and  the  Research  Laboratory  of  the  Depart- 
ment of  Health  of  the  City  of  New  York. 

The  problem  of  selecting  representative  strains  was  obviously 
difTicult  on  account  of  the  obstacles  encountered  in  the  classification 
of  the  meningococci  which  have  been  obtained  from  cases  of  cerebro- 
spinal meningitis,  from  carriers,  and  from  healthy  persons.  The 
four  representative  or  standard  strains  selected  included  one  regular 
strain,  one  parameningococcus,  and  two  intermediate  strains.  One 
horse  was  immunized  with  these  four  cultures;  the  other  horse  was 
immunized  with  two  cultures  of  each  of  the  three  main  groups.  These 
strains  represented  the  groups  recognized  in  the  classifications  of 
Dopter,"  Gordon,^  Flexner,'  and  others.  When  only  four  or  six  repre- 
sentative strains  were  used  the  horse  received  at  each  dose  an  equal 
quantity  of  each  strain.  The  dose  was  increased  and  adjusted  to 
give  rise  to  approximately  the  same  degree  of  reaction  that  was 
obtained  in  the  immunization  with  a  large  nimiber  of  strains. 

Method. 

The  method  of  preparing  the  cultures  and  immunizing  the  horses 
with  suspensions  of  them  was  similar  whether  4,  6,  or  60  strains  were 
used  for  immunization.  The  cultures  were  grown  on  serum  dextrose 
agar  slants  for  17  to  19  hours  at  37°C.  and  were  suspended  in  0.85 
per  cent  salt  solution.     The  inoculations  were  made  intravenously 

'Dopter,  C,  fitude  de  quelques  germes  isoles  du  rhino-pharynx,  voisins  du 
meningocoque  (parameningocoques) ,  Compt.  rend.  Soc.  bioL,  1909,  Ixvii,  74. 

2  Gordon,  M.  H.,  Bacteriological  studies  in  the  pathology  and  preventive  control 
of  cerebro-spinal  fever  among  the  forces  during  1915  and  1916.  II. — The  defini- 
tion of  the  meningococcus,  Med.  Research  Com..  Nal.  Health  Insurance,  Special 
Rep.  Series,  No.  3,  1917,  10. 

3  Flexner,  S.,  Mode  of  infection,  means  of  prevention  and  specific  treatment 
of  epidemic  meningitis,  J.  Am.  Med.  Assn.,  1917,  l.xix,  639. 
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without  delay.  At  the  beginning  of  immunization  the  first  dose  was 
a  fraction  of  a  single  culture.  When  a  large  number  of  strains  was 
used  new  strains  were  added  as  fast  as  possible,  until  twenty  were 
injected  daily.  Two  inoculations  were  made  on  each  day,  1  hour 
apart,  with  ten  cultures  for  each  inoculation.  This  was  done  to 
decrease  the  severity  of  the  reaction.  The  doses  were  given  on  3 
successive  days  followed  by  a  week  of  rest,  after  which  another  series 
was  begun.  The  cultures  and  the  method  of  injection  were  chosen 
so  that  the  whole  series  of  stock  cultures  was  injected  as  often  as 
possible.  The  increase  of  dosage  was  dependent  upon  the  temper- 
ature reaction  after  inoculation,  the  aim  being  to  secure  a  rise  in 
temperature  to  104°  or  105°F.  5  hours  after  inoculation,  followed  by  a 
fall  to  normal  the  next  morning. 

Trial  or  complete  bleedings  were  made  on  the  6th  day  after  every 
other  series  of  injections.  The  immunization  of  the  two  horses  with 
the  four  and  six  representative  strains  was  begun  in  May,  1918,  and 
was  continued  for  a  period  of  more  than  1  year.  The  largest  dose 
was  a  total  of  60  cc.  of  suspension,  representing  the  growth  from 
ten  slants  of  culture.  The  horses  were  allowed  to  rest  for  2  months, 
during  August  and  September,  1918.  The  potency  of  the  serum 
was  tested  according  to  the  standard  methods  described  in  a 
previous  paper.^ 

Cultures  were  grown  at  37°C.  for  18  hours  on  serum  dextrose  agar 
and  then  suspended  in  0.85  per  cent  salt  solution  and  diluted  to  a 
density  equal  to  that  of  barium  sulfate  Standard  No.  3,  or  approxi- 
mately 2,000  million  cocci  per  cc.  In  all  the  tests  saline  solution, 
normal  horse  serum,  and  type  serum  controls  were  used,  as  well  as 
the  standard  antimeningococcus  serum  adopted  by  this  laboratory. 
Although  the  standard  serum  has  been  used  during  a  period  of  2 
years,  it  has  shown  practically  no  deterioration  in  agglutination 
titer. 

According  to  these  standard  methods  the  agglutination  titer  was 
determined  by  the  maximum  dilution  in  which  definite  but  not  neces- 
sarily complete  agglutination  occurred.     Reading  the  limit  of  definite 

*  Wadsworth.  .■\.  B.,  Kirkbride,  M.  B.,  and  Gilbert,  R.,  The  standardization 
of  antimeningococcus  and  antipneumococcus  serums,  Arch.  Int.  Med.,  1919,  xxiii, 
269. 
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agglutination,  rather  than  of  complete  agglutination,  has  been  found 
to  be  more  accurate  and  practical.  Complete  agglutination  occurs 
in  a  much  lower  dilution,  and  if  a  sufficient  number  of  dilutions  of 
serum  are  used  to  grade  the  degree  of  reaction  accurately,  difTerent 
workers  may  experience  difficulty  in  reading  the  complete  agglutina- 
tion. Furthermore,  the  ability  of  certain  cultures  to  be  agglutinated 
completely,  and  that  of  certain  serums  to  agglutinate,  vary.  Finally, 
the  percentage  of  discrepancy  between  the  readings  of  different 
workers  when  the  upper  limits  of  agglutination  are  read  and  high 
dilutions  are  made  of  the  serum  is  not  great,  especially  if  the  dilutions 
which  are  doubtful  are  always  considered  negative,  and  only  the 
highest  dilution  which  shows  definite  agglutination  is  read. 

RESULTS. 

In  Tables  I  and  II  are  recorded  agglutination  tests  on  the  serums 
of  the  two  horses  during  immunization  with  four  and  six  strains 
respectively  in  comparison  with  the  serum  of  a  horse  immunized  with 
60  strains  during  a  period  of  18  months  (Table  III).  The  tests  were 
made  with  the  six  cultures  used  in  the  immunization  of  the  horse 
mentioned  above.  The  rise  in  agglutination  titer  is  very  rapid  during 
the  first  few  weeks  of  immunization.  Then  it  is  slower  until  a  con- 
stantly high  titer  has  been  reached,  which,  however,  varies  at  times 
quite  markedly,  doubtless  on  account  of  a  dose  that  was  too  large 
or  too  small.  The  potency  as  indicated  by  the  agglutination  titer 
with  homologous  strains  was  increased  three-  to  tenfold  by  limiting 
the  number  of  strains  used  in  immunization. 

Agglutination  tests  have  been  made  with  the  serums  of  horses 
immunized  with  4,  6,  and  60  strains  of  meningococci  against  77 
homologous  and  heterologous  cultures,  including  also  some  strains 
recently  isolated  from  cases,  and  others  reputed  to  belong,  because  of 
their  serological  reactions,  to  the  fourth  group  of  Gordon,  typical 
strains  of  which  are  not  commonly  found  in  this  country.  From 
Tables  IV  and  V  it  is  evident  that  many  of  the  heterologous  type 
cultures  were  agglutinated  to  an  even  higher  degree  than  the 
homologous  cultures.  Practically  all  the  twelve  unclassified  cultures 
which  were  used  in  the  immunization  of  the  60  strain  horse,  and  also 
the  twelve  additional  cultures,  none  of  which  was  used  in  the  immuni- 
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zation  of  any  of  the  horses,  were  agglutinated  in  the  serum  of  Horses 
40  and  49  in  higher  dilution  than  in  that  of  the  60  strain  horse. 
The  most  radical  difTerence  in  the  action  of  the  serums  of  Horses 
40  and  49  is  with  Culture  286,  which  agglutinated  in  1:600  dilution 
with  the  serum  of  Horse  50  (60  strains),  in  1 : 2,000  with  the  serum  of 
Horse  40,  and  in  1:200  with  the  serum  of  Horse  49. 

The  serums  obtained  from  horses  immunized  with  four  and  with 
six  representative  strains  as  compared  with  the  serum  of  a  horse 
immunized  with  60  stock,  meningococcus  cultures  thus  possessed  a 
higher  agglutination  titer.  This  was  marked  when  the  serum  was 
tested  against  the  homologous  strains;  but  a  high  titer  was  also  found 
when  the  serums  were  tested  against  all  the  heterologous  strains. 
EN^idently,  by  the  use  of  too  large  a  number  of  strains  the  potency  of 
the  serum,  as  judged  from  the  agglutination  titer,  is  sacrificed. 

TABLE   III. 

Agglutination  Titer  of  the  Serum  of  Horse  50  Immunized  with  60  Strains  of 

Meningococci  for  18  Months. 


Date. 

Agglutination  titer  tested  with  different  cultures. 

No.  IB 

No.  lOB 

No.  W30B 

No.  46  B 

No.  W60B 

No.  79B 

1917 

Nov.  14 

1:700 

1:800 

1:1,000 

1:1,100 

1:900 

1:1,100 

The  titer  of  a  polyvalent  serum  obtained  by  immunization  with 
60  strains  for  18  months  approximated  dilutions  of  1:700,  1:800, 
1:1,000,  1:1,100,  1:900,  and  1:1,100  respectively  with  six. repre- 
sentative strains  of  the  different  types  of  meningococci,  whereas  the 
horse  immunized  with  these  six  strains  possessed  an  agglutination 
titer  of  1:4,000,  1:6,000,  1:6,000.  1:12,000,  1:6,000,  and  1:12,000 
respectively.  The  horse  immunized  with  only  four  of  the  strains 
possessed  an  agglutination  titer  of  1:4,000,  1:4,000,  1:6,000,  1:12,000, 
1:4,000,  and  1:8,000  respectively,  the  first  and  last  reactions  being 
heterologous  and  the  others  homologous;  that  is,  tests  with  the  cultures 
used  in  immunization  of  the  horse.  There  is  thus  marked  variation 
in  the  titer  obtained  with  the  different  strains,  largely  owing  to  the 
antigenic  properties  or  agglutinability  of  the  cultures.  The  titer 
apparently  fluctuated  to  some  extent  while  the  horses  were  in  a  high 
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state  of  immunization,  but  the  minimum  titer  of  the  serum  from 
the  two  horses  during  this  stage  greatly  exceeded  the  titer  of  the 
polyvalent  serum  from  the  horse  immunized  with  60  strains. 

Since  with  a  small  number  of  strains,  such  as  would  meet  the 
minimum  requirements  of  the  standards  of  potency  for  the  manu- 
facture-of  antimeningococcus  serum  in  New  York  State,  the  agglu- 
tination titer  may  be  greatly  increased,  as  compared  with  previous 
methods  in  which  a  large  number  of  strains  was  used,  the  minimum 
standards  of  potency  should  be  correspondingly  increased.  Further- 
more, the  minimum  standards  of  potency,  as  determined  by  the 
agglutination  titer,  must  be  adjusted  for  each  standard  culture. 
Until  wc  have  had  more  experience  with  the  variations  in  titer  of 
serums  from  a  larger  number  of  horses,  it  is,  of  course,  difficult  to 
determine  practically  how  much  to  adjust  the  standard  above  or 
below  the  minimum  agglutination  titer  obtained  during  the  height 
of  immunization  in  this  investigation. 

CONCLUSIONS. 

The  potency  of  a  polyvalent  antimeningococcus  serum,  as  tested 
by  its  agglutination  titer,  was  sacrificed  by  immunization  with  a 
large  number  of  strains  of  the  meningococcus.  By  immunization 
with  a  limited  number  of  representative  strains,  four  or  six,  care- 
fully selected  on  account  of  their  antigenic  and  agglutination  proper- 
ties, the  potency  was  increased  three-  to  tenfold  without  sacrificing 
the  polyvalency;  that  is,  as  tested  with  at  least  70  heterologous  strains 
of  the  meningococcus. 

The  agglutination  titer,  unfortunately,  is  not  an  entirely  satis- 
factory criterion  of  therapeutic  potency,  but  it  is  the  only  practical 
method  available  that  determines  also  the  polyvalent  action  of 
antimeningococcus  serum. 


PURIFICATION  AND  CONCENTRATION  OF  ANTIGENS  FOR 

COMPLEMENT  FIXATION  BY  METHODS  OF  DIALYSIS, 

ADSORPTION,  AND  EXTRACTION.*! 

By  AUGUSTUS  B.  WADSWORTH,  M.D.,  and  FRANK  MALTANER. 

(From  the  Division  of  Laboratories  a)td  Research  of  the  New  York  State  Department 

of  Health,  Albany.) 

(Received  for  publication,  July  12,  1920.) 

The  complement  fixation  test  of  Bordet  and  Gengou  with  bacterial 
antigens  on  the  serum  of  highly  immunized  animals  has  been  of 
value  in  the  identification  of  bacterial  species,  but  it  has  never  been 
a  practical  aid  in  the  diagnosis  or  prognosis  of  bacterial  infection  in 
man.  Although  the  antigens  which  have  been  prepared  from  syphi- 
litic tissue  and  even  from  certain  normal  tissues  have  proved  to  be  of 
great  value  in  the  diagnosis  of  syphilis,  none  of  the  antigens  which 
have  been  prepared  from  pure  cultures  of  the  spirochete  isolated 
from  syphilitic  tissue  has  been  reliable.  On  the  contrary,  they 
apparently  lack  reactive  capacities  that  are  characteristic  for  this 
disease.  Thus  the  nature  of  the  complement  fixation  reaction  of 
Wassermann  is  obscure.  The  so  called  anticomplementary  or  non- 
specific properties  of  antigens  which  have  been  prepared  from  pure 
cultures  of  the  incitants  of  the  bacterial  infection  have  made  it  diffi- 
cult or  impossible  to  standardize  the  test  so  that  the  characteristic 
reactions  with  the  blood  serum  from  cases  of  infection  could  be 
detected  or  studied  to  determine  their  diagnostic  or  prognostic  value. 

Prior  to  his  work  on  syphilis  Wassermann  studied  the  complement 
fixation  reaction  in  tuberculosis,  but  failed  to  prepare  satisfactory 
antigens  from  tubercle  bacilli.  Recently  a  number  of  investigators 
have  reported  diagnostic  reactions  in  so  many  cases  of  tuberculosis 
that  there  can  be  no  question  that  it  is  possible  to  prepare  antigens 

*  Presented  at  the  35th  annual  meeting  of  the  Association  of  American  Phys- 
icians, Atlantic  City,  N.  J.,  May  4,  1920. 

t  An  abstract  of  this  paper  will  appear  in  the  Proc.  Soc.  Exp.  Biol,  and  Med. 
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from  the  tubercle  bacillus,  and  in  certain  stages  of  the  disease  the 
blood  serum  gives  positive  reactions  with  them;  but  it  has  not  been 
possible  to  standardize  the  test  so  that  it  is  reliable  in  the  diagnosis 
of  the  disease  or  in  the  study  of  the  development  of  immune  reactions 
in  different  stages  of  the  disease. 

Work  was  begun  in  1917,  with  the  view  of  so  standardizing  the 
preparation  of  the  antigens  that  it  would  be  possible,  first,  to  study 
the  development  of  immune  reactions  in  experimental  tuberculosis 
in  animals  and,  later,  to  determine  the  diagnostic  value  of  the  test 
in  human  cases  of  the  disease.  New  methods  of  dialysis  and  adsorp- 
tion were  used  in  the  preparation  of  the  antigens  by  which  the  anti- 
genic substances  were  greatly  purified  and  concentrated.  The  pur- 
pose of  this  preliminarj'  paper  is  to  record  the  new  methods. 

Preparation  of  Standard  Immune  Serums. 

All  the  cultures  were  made  in  a  beef  infusion  broth  containing  1 
per  cent  of  Fairchild's  peptone,  0.5  per  cent  salt,  0.5  per  cent  glycerol, 
and  titrated  to  react  0.5  per  cent  acid  to  phenolphthalein.  The 
medium  was  sterilized  fractionally  in  the  Arnold  sterilizer.  Mass 
cultures  were  grown  in  quart  or  pint  Blake  bottles  at  a  temperature 
of  37.5°C.  With  some  cultures  the  growth  was  taken  for  study  as 
soon  as  the  pellicle  had  become  fully  developed,  and  with  others  as 
soon  as  growth  had  ceased.  After  filtration  the  residue  of  tubercle 
baciUi  was  washed  with  saline  solution  and  dried  partially  by  suction 
on  the  filter.  It  was  then  desiccated  over  concentrated  sulfuric  acid. 
This  material  was  then  extracted  with  different  substances,  such  as 
carbon  disulfide,  ether,  chloroform,  and  carbon  tetrachloride.  The 
fat-free  residues  from  these  extractions  and  also  the  untreated  bacilli 
were  extracted  with  distilled  water,  salt  solution,  sodium  hydroxide, 
hydrochloric  acid,  and  glycerol.  The  various  extracts,  together  with 
the  filtrates  from  the  cultures,  were  tested  as  antigens.  This  tech- 
nique was  applied  to  three  different  strains  of  tubercle  bacilli,  a 
human  virulent  strain,  a  human  avirulent  strain,  and  a  strain  of 
bovine  origin.  In  the  production  of  immune  serums  by  animal 
inoculation  tuberculous  organs  became  available  which  were  extracted 
by  various  means  and  tested  for  antigenic  properties. 
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The  preparation  of  standard  immune  serums  with  these  three 
cultures  was  a  prolonged  investigation  of  experimental  infection  and 
immunization  of  a  large  number  of  animals.'  It  involved  not  only 
the  testing  of  the  inoculated  animals  at  frequent  intervals  but  also 
a  study  of  the  precipitation  of  the  globulin  fraction  of  serum  in  an 
attempt  to  concentrate  the  antibodies.  Finally,  sufficiently  active 
immune  serums  were  obtained  from  horses  with  all  three  strains  of 
the  tubercle  bacillus  to  give  complete  fixation  of  complement  with 
the  antigens  which  were  arbitrarily  selected  to  start  the  work.  A 
single  bleeding  of  any  of  the  horses  gave  a  sufficiently  large  quantity 
of  serum  for  the  titration  of  the  comparative  value  of  all  the  antigens. 

Antigenic  Properties  of  Different  Fractions  of  the  Culture  and  Methods 
of  Purification  and  Concentration. 

The  results  of  the  experiments  in  which  the  dififerent  fractions  of 
the  culture  were  tested  with  the  standard  immune  serums  must  also 
be  briefly  summarized.  The  preparation  of  antigens  by  extraction 
of  tuberculous  tissues  was  unsatisfactory.  The  culture  filtrates  were 
so  anticomplementary  that  they  could  rarely  be  used.  Of  all  the 
extracts  of  the  tubercle  bacillus  which  have  as  yet  been  tested  in  our 
experiments,  those  with  glycerol  and,  especially,  distilled  water  pro- 
duced the  most  active  antigens.  These  active  antigens  were  selected 
for  further  study  by  methods  of  dialysis  and  adsorption. 

Animal  charcoal  and  globulin  (horse  serum)  were  used  to  adsorb 
the  substances  possessing  antigenic  action.  When  animal  charcoal 
was  added  the  preparations  lost  their  antigenic  activity,  but  it  is 
impossible  to  say  whether  this  activity  was  adsorbed  on  the  charcoal 
or  destroyed  as  it  has  been  as  yet  impossible  to  recover  from  the 
animal  charcoal  any  of  the  antigenic  properties.  When  globulin  was 
added  and  precipitated  with  carbon  dioxide  and  the  precipitate 
extracted  with  alcohol,  the  substances  possessing  antigenic  action 
with  tuberculous  immune  serum  were  adsorbed  and  recovered  in 
purified  and  concentrated  condition.  The  so  called  anticomplemen- 
tary action  which  all  the  original  antigens  possessed  could  not  be 

'  This  work  was  successfully  carried  on  by  Miss  3.  Johnston  and  will  be 
recorded  more  fully  in  another  paper. 
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detected  in  the  lowest  dilutions  of  the  alcoholic  extract  (1 :  10)  which 
could  be  used.  The  lytic  action  which  some  of  the  original  antigens 
possessed  also  disappeared. 

The  technique  that  was  used  may  be  briefly  summarized  as  follows:  The  origi- 
nal antigen  was  dialyzed,  and  horse  serum,  one  part  to  twenty  parts  of  antigen, 
was  added  and  the  mixture  allowed  to  stand  in  the  incubator  for  }  hour.  The 
globulin  was  then  precipitated  by  passing  purified  carbon  dioxide  gas  free  from 
hydrochloric  acid  through  the  mixture  for  5  hour  at  37°C.  The  globulin  preci- 
pitate was  collected,  and  by  shaking  it  with  alcohol  the  antigenic  substances 
were  extracted.  The  alcoholic  extract  was  concentrated  in  a  vacuum.  All  the 
titrations  were  made  in  quantities  of  one-tenth  of  the  original  Wassermann  test. 

In  order  to  eliminate  all  the  dialyzable  substances  which  prevent 
the  adsorption  of  the  antigenic  material  by  globulin,  the  culture 
filtrates  were  dialyzed  for  at  least  5  days.  Tests  of  the  antigenic 
properties  at  different  stages  of  the  process  revealed  the  fact  that 
after  dialysis  the  filtrate  became  active  as  an  antigen,  and  lost  its 
anticomplementary  action.  After  precipitation  with  carbon  dioxide 
and  extraction  of  the  globulin  precipitate  much  more  active  antigens 
were  obtained.  The  most  active  antigens,  however,  were  those 
obtained  by  this  method  from  the  distilled  water  extracts  of  the 
tubercle  bacillus. 

The  following  illustrates  the  degree  of  concentration  and  purifica- 
tion. Broth  filtrates  which  were  so  anticomplementary  that  they 
gave  no  specific  fixation,  after  dialysis  were  not  anticomplementary 
and  0.02  cc.  gave  one  unit  of  antigen;  that  is,  complete  fixation  with 
the  standard  quantity  of  immune  seriun — two  units  as  determined 
by  a  previous  titration  with  one  of  the  crude  antigens  which  were 
used  to  standardize  the  immune  serums.  After  adsorption  and 
concentration  0.0003  cc.  gave  a  unit  of  antigen.  The  aqueous  extract 
antigens  were  anticomplementary  in  doses  of  approximately  0.05 
to  0.01  cc.  The  results  of  purification  and  concentration  of  these 
antigens  are  even  more  striking.  Before  dialysis  0.003  cc.  of  one  of 
them  contained  one  unit  of  antigen;  after  dialysis  it  was  no  longer 
anticomplementary  but  owing  to  the  increase  in  volume  during  dialysis 
0.005  cc.  contained  one  unit  of  antigen.  After  concentration  0.00015 
cc.  contained  one  unit.  Expressed  in  terms  of  antigenic  units  per  cc. 
this  is  an  increase  from  333  to  6,666. 
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The  results  of  preliminary  experiments  with  antigens  which  are 
used  in  the  diagnosis  of  syphilis  indicate  that  their  antigenic  properties 
may  also  similarly  be  purified  and  concentrated.  These  new  methods 
thus  open  up  possibilities  for  more  precise  study  of  many  phases  of 
infection  and  immunity  than  has  hitherto  been  possible. 

SUMMARY. 

Antigens  were  prepared  from  the  culture  filtrates  of  tubercle  bacilli 
and  by  extraction  of  washed  and  dried  organisms  with  organic  and 
aqueous  solvents  and  from  tissues  of  organs  showing  tuberculous 
lesions. 

A  comparison  of  these  preparations  by  means  of  the  complement 
fixation  test  showed  that  the  aqueous  extracts  were  most  active 
antigenically. 

The  antigenic  activity  of  the  aqueous  preparatioiis  and  also  of  the 
slightly  active  culture  filtrates  was  increased  by  means  of  dialysis 
and  adsorption  with  serum  globuHn  followed  by  extraction  with 
alcohol  and  concentration  of  the  alcoholic  extract  in  vacuo. 


EXPERIMENTAL  STUDIES    OF    THE    NASOPHARYNGEAL 
SECRETIONS  FROM  INFLUENZA  PATIENTS. 

I.  Transmission  Experiments  with  Nasopharyngeal  Washings. 

By  peter  K.  OLITSKY,  M.D.,  and  FREDERICK  L.  GATES,  M.D. 
{From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research!) 

Plates  5  to  7. 
(Received  for  publication,  July  15,  1920.) 

INTRODUCTION. 

In  planning  the  present  experiments  we  had  in  mind  the  possible 
presence  in  the  nasopharynx  of  persons  suffering  from  acute  epidemic 
influenza  of  some  agent  the  effects  of  which  might  be  noted  in  ani- 
mals. In  considering  the  criteria  of  activity  of  this  agent  we  thought, 
first,  of  the  well  known  phenomenon  in  man  of  leucocytic  depression, 
involving  especially  the  mononuclear  cells,  during  the  acute  influ- 
enzal attack,  and  next,  of  changes  of  a  more  or  less  pronounced  but 
possibly  transient  character,  arising  in  the  lungs,  which  might  con- 
ceivably predispose  to  the  severe  pneumonias  that  often  accompany 
as  a  secondary  or  concurrent  infection  the  influenzal  attack. 

Furthermore,  this  study  was  made  during  the  course  of  over  1^ 
years  in  three  successive  periods.  The  first  period  coincided  with  the 
epidemic  wave  of  1918-19.  During  this  period  cases  of  acute  uncom- 
plicated influenza  and  individuals  who  had  never  been  affected  were 
studied.  The  second  period  embraced  the  late  autumn  of  1919, 
during  which  influenza  did  not  prevail  in  New  York  in  epidemic  form. 
During  this  interepidemic  period  normal  individuals  were  studied  as 
controls.  The  third  period,  the  winter  of  1920,  saw  a  return  of  the 
epidemic.  At  this  time  additional  cases  of  the  disease  were  available 
for  investigation.  By  proceeding  in  this  manner  we  hoped  to  check  the 
results  for  each  period  against  the  others.  As  the  sequel  will  show, 
we  believe  that  we  succeeded  in  this  undertaking,  with  the  conse- 
quence that  we  are  enabled  to  present  our  findings  with  perhaps  a  degree 
of  confidence  not  otherwise  appropriate. 
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Materials. 

The  outstanding  difficulty  in  the  choice  of  materials  to  be  employed 
arose  from  the  necessity  of  selecting  cases  of  undoubted  acute  influ- 
enza, on  the  one  hand,  and  of  perfectly  healthy  individuals,  who  had 
never  suffered  from  the  disease,  on  the  other.  In  the  end  the  second 
requirement  was  more  easily  fulfilled,  as  the  circumstances  of  the  un- 
dertaking admitted  of  leisurely  and  painstaking  choice  of  subjects. 
With  uncomplicated  influenza,  however,  the  individuals  had  to  be 
chosen  at  once,  since  the  epidemic  wave  of  the  disease  is  notably  brief, 
being  prolonged  chiefly  by  secondary  respiratory  infections. 

The  criteria  which  were  used  as  guides  in  the  selection  of  cases  of 
pure  influenza  were  abrupt  onset  with  chilliness,  fever,  prostration, 
headache,  and  muscular  pains,  especially  in  the  back  and  limbs. 
Among  the  early  s}Tnptoms  were  flush  and  suffusion  of  the  face, 
injection  of  the  conjunctiva?,  soreness  of  the  throat,  and  harsh,  unpro- 
ductive cough.  In  the  early  stages  no  physical  signs  were  detected  in 
the  chest,  gastrointestinal  symptoms  were  inconspicuous,  and  dis- 
turbances referable  to  other  internal  organs  were  not  complained  of  or 
detected  by  physical  examination. 

These  sjonptoms,  although  striking,  were  rarely  such  as  could  be 
measured  accurately.  However,  there  was  one  sign  that  had  a  quan- 
titative value;  namely,  the  leucocytic  picture.  UncompUcated  influ- 
enza shows  a  pronounced  leucopenia  affecting  the  absolute  mmiber  of 
mononuclear  cells,  chiefly  of  the  IjTnphocytic  variety.'  This  is  per- 
sistent and  even  resists  at  times  secondary  infectious  processes,  e.g. 
pneumonia,  in  which  leucocytosis  is  the  rule.  As  will  appear  below, 
great  reliance  was  placed  on  this  quantitative  sign  in  the  present 
experimental  studies. 

The  s}anptoms  and  effects  endured  for  from  1  to  3  days,  when  con- 
valescence, initiated  by  a  lytic  fall  of  temperature,  set  in,  and  recovery 
promptly  followed. 

'  The  term  mononuclears  as  employed  by  us  includes  the  leucocytes  of  the 
lymphocytic  and  large  mononuclear  varieties  which  have  a  single  homogeneous 
nucleus.  Any  indentation  of  the  outline  of  the  nucleus  placed  the  ceU  in  the 
transitional  class,  to  be  counted  with  the  polvTnorphonuclear  ceUs.  Of  the  varie- 
ties of  mononuclear  cells,  the  small  cells,  or  lymphocytes,  were  especially  involved 
in  the  leucopenia. 
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Saline  washings  from  the  nose  and  throat  were  employed.  These 
materials  were  secured  from  eight  cases  of  influenza  within  the  first 
36  hours  of  the  disease,  and  from  twelve  cases  at  later  stages,  including 
the  convalescence  or  the  period  of  postinfluenzal  pneumonia.  In 
addition,  fourteen  individuals  who  had  not  been  affected  were  tested 
during  the  epidemic  or  interepidemic  period. 

Choice  of  Animal. 

In  earlier  experiments,  having  in  mind  a  filterable  microorganism  or 
virus,  we  employed  rhesus  monkeys.  But  this  species  of  animal  was 
found  to  be  unsatisfactory.  Monkeys  are  at  best  scarce  in  this  coun- 
try and  frequently  suffer  from  pulmonary  lesions  of  a  tubercular  or 
other  type;  the  experiments  required  animals  more  readily  available 
and  free  from  respiratory  affections  of  any  nature.  The  rabbit  was 
therefore  chosen. 

EXPERIMENTAL. 

Full  grown  rabbits  were  used  for  inoculation,  and  no  rabbit  suffering 
from  snuiSes  or  any  detectable  disease  was  employed.  All  animals 
were  subjected  to  prehminary  blood-counting,  weighing,  and  tem- 
perature-taking, and  any  showing  variations  beyond  the  average  were 
rejected.'^  These  observations  were  made  on  3  to  7  successive  days 
previous  to  inoculation.  The  blood  counts  were  carefully  controlled; 
separate  apparatus  were  used  for  each  animal,  which  was  examined 
throughout  the  course  of  observation  by  the  same  technician.  Par- 
ticular stress  was  laid  on  the  total  number  of  leucocytes  and  the  rela- 
tive and  absolute  numbers  of  polymorphonuclear  and  mononuclear 
cells. 1  With  regard  to  temperature,  it  should  be  emphasized  that  in 
these  animals  the  temperature  in  itself  is  no  indication  at  times  of 
the  extent  or  absence  of  pathological  involvement  but  should  be  inter- 
preted only  in  conjunction  with  other  findings. 

^  For  assistance  in  this  and  other  work  we  acknowledge  our  indebtedness  to 
Captain  Frank  Hornaday,  Medical  Corps,  U.  S.  Army,  and  to  the  Army  Labora- 
tory Technicians  Miss  Mary  Jardine,  Miss  Clara  M.  McKee,  and  Miss  Anne 
Webb. 
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Mode  of  Inoculation. — The  inoculations  were  made  directly  into  the 
lungs  by  means  of  the  intratracheal  catheter — a  method  slightly 
modified  from  that  employed  by  Lamar  and  Meltzer' — or  by  tra- 
cheotomy.'' 

The  first  method,  having  the  advantage  of  rapidity  of  operation,  consisted  in 
the  bsertion  intratracheally  by  way  of  the  mouth  of  a  French  silk  catheter,  size  9. 
An  electric  otoscope  set  in  the  mouth  of  the  animal  served  as  a  gag  as  well  as  a 
guide  for  directing  the  catheter.  The  catheter  was  curved  at  90°  J  inch  from  the 
tip.  In  inserting  one  should  avoid  slipping  over  the  larynx  into  the  esophagus, 
thereby  contaminating  the  catheter. 

Although  tracheotomy  requires  more  time,  it  is  the  preferable  procedure  be- 
cause contamination  by  mouth  bacteria  is  avoided.  An  incision  is  made  directly 
over  the  trachea,  and  a  needle,  size  19,  bent  at  a  right  angle,  is  inserted  therein. 

Materials  Inoculated. — The  materials  employed  for  inoculation  con- 
sisted of  (a)  unliltered  nasopharyngeal  washings,^  {b)  filtered  wash- 
ings, (c)  limg  tissue  suspensions,'  filtered  and  xmfiltered,  from  previ- 
ously inoculated  rabbits,  id)  similar  lung  tissue  preserved  in  sterile 
50  per  cent  glycerol,  (e)  bacteria  and  culture  materials,  and  (/)  control 
materials.  The  usual  dose  for  a  2.5  to  3  kilo  rabbit  was  3  cc.  of  these 
materials. 

Unfiltered  nasal  washings  were  employed  in  the  expectation  that 
they  could  be  purified,  or  rather  deprived  of  their  ordinary'  bacteria  by 
successive  animal  passages.  It  was  believed  that  if  this  could  be 
accomplished  there  would  be  a  better  chance  of  preserxdng  and  pos- 
sibly of  causing  the  multiplication  of  some  other  variety  of  microorgan- 

'  Lamar,  R.  V.,  and  Meltzer,  S.  J.,  /.  Exp.  Med.,  1912,  xv,  133. 

^  With  either  method  light  ether  anesthesia  was  given. 

'  NasopharjTigeal  washings  were  obtained  as  follows:  The  patient's  mouth  was 
rinsed  with  warm  saline  solution.  Then  each  nasal  ca\dty  was  washed  with  25 
to  35  cc.  of  saline  solution,  the  washings  being  returned  by  way  of  the  mouth 
and  collected  in  a  sterile  container.  The  entire  fluid  was  shaken  with  glass 
beads  in  a  mechanical  shaker  for  15  minutes  at  high  speed,  or  until  a  homogeneous 
mixture  resulted. 

*  Lung  tissue  was  prepared  for  inoculation  as  foDows:  The  selected  portion  of 
the  lungs  was  chopped  and  then  groimd  with  sterile,  fine,  white  sand,  and  a 
proportional  amount  of  saline  solution  was  added  in  the  ratio  of  20  cc.  of  saline 
solution  to  the  two  entire  lungs.  The  suspension  was  then  centrifuged  at  low 
speed  and  the  clearer  supernatant  fluid  employed  for  inoculation. 
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ism,  more  resistant  and  virulent  perhaps,  which  would  give  to  the 
washings  from  cases  of  uncomplicated  influenza  a  quality  lacking  in 
others.  If  was,  of  course,  realized  that  not  in  every  instance  could 
this  favorable  outcome  be  looked  for.  Now  and  then  it  was  to  be 
expected  that  a  virulent  pneumococcus  or  streptococcus  would  set  up 
a  pneumonia  to  which  the  animal  would  succumb.  But  if  the  ordin- 
ary bacteria  could  be  suppressed  by  animal  passages  m  a  few  instances 
and  something  survive  which  produced  definite  changes  in  the  tissues 
of  the  rabbits — the  blood  and  lungs,  for  example — the  washings  from 
cases  of  influenza  might  thus  be  distinguished  in  their  effects  from  the 
washings  of  another  origin.  In  this  way  the  operation  of  a  pathogenic 
agent  is  to  be  deduced,  although  it  might  not  be  possible  to  determine 
certainly  that  this  agent  is  the  inciting  microbic  agent  of  influenza. 
However,  if  a  certain  correspondence  in  tissue  and  other  effects  can  be 
shown  to  exist  between  the  individual  suffering  from  influenza  and  the 
rabbit  inociflated  with  materials  originally  derived  from  influenza  cases 
and  free  from  all  ordinary'  bacteria,  an  idea  as  to  the  probable  nature 
of  the  pathogenic  agent  is  gained  which  encourages  further  investiga- 
tion along  the  indicated  lines. 

Inoculation  of  UnfiUered  Washings. 

There  were  inoculated  into  the  lungs  of  rabbits  the  unfiltered  naso- 
pharyngeal secretions  derived  from  five  cases  of  uncomplicated  influ- 
enza during  the  first  epidemic,  and  three  during  the  second,  in  the 
first  36  hours  of  the  disease,  and  from  eleven  cases  during  the  first  epi- 
demic and  one  during  the  second  in  the  later  stages  of  the  affection. 
The  foUowing  effects  were  induced  by  the  materials  from  seven  of  the 
eight  early  cases,  but  not  by  any  from  the  twelve  cases  examined  after 
36  hours. 

Clinical  Effects. — From  24  to  48  hours  after  inoculation  fever  devel- 
oped, associated  with  the  ordinary  signs  of  indisposition  in  a  rabbit, 
such  as  listlessness  and  ruflled  hair,  and  conjunctivitis.  The  striking 
feature,  however,  was  the  definite  and  often  marked  leucopenia  result- 
ing from  depression  of  the  mononuclear  cells,  as  shown  in  Text-fig.  1,  a, 
b,  and  c.  If  the  condition  was  allowed  to  run  its  natural  course,  these 
symptoms  endured  for  about  3  days,  the  animal  then  returning  to 
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normal.  If  the  rabbit  was  killed — for  in  the  absence  of  infection  by 
ordinary  bacteria  none  died — an  unusual  pathological  picture  was 
revealed. 

Pathological  Effects. — The  respiratory  organs  were  affected  to  the 
exclusion  of  all  others.  No  pleuritis  or  exudate  in  the  pleural  cavity 
was  evident.  The  lungs  were  voluminous  as  a  result  of  edema  and 
emphysema  and  had  a  mottled  hemorrhagic  appearance.  The  hem- 
orrhages on  the  surface,  beneath  the  pleura,  were  diffuse  or  discrete, 
occupying  areas  a  few  millimeters  in  extent  or  covering  a  large  part 
of  a  lobe.  In  addition,  minute  petechia,'  were  seen  scattered  over  the 
entire  surface.  On  section  of  the  lungs  the  cut  surface  revealed  a 
hemorrhagic  edema;  it  dripped  a  blood-stained,  frothy  fluid.  The 
hemorrhages  again  were  either  diffuse  and  large,  or  discrete  and  small, 
in  the  latter  instance  being  numerous. 

On  microscopic  section  carried  through  various  parts  of  the  lungs 
the  lesions  were  found  to  consist  (a)  of  hemorrhagic  foci,  and  (b)  of 
edema  and  emphysema.  The  hemorrhages  varied  in  size  in  accord- 
ance with  the  observed  macroscopic  appearance,  some  being  micro- 
scopic in  nature.  The  edema  was  more  extensive  than  the  hemor- 
rhages and  involved  alveoH  and  interalveolar  strands  of  tissue.  The 
alveoh  contained  coagulated  serum  or  red  corpuscles,  mononuclear 
cells,  and  also  at  times  poh"morphonuclear  cells  of  eosinophilic  type  and 
desquamated  epithehal  cells.  The  interalveolar  strands  were  infiltrated 
with  mononuclear  cells  and  large  cells  the  foreign  nature  of  which  was 
not  always  clear.  Fibrin  was  sometimes  present  in  small  amounts. 
The  bronchi,  also,  were  at  times  filled  with  erythrocytes,  exfoliated 
and  degenerated  epithelia,  and  leucocytes.  The  capillaries  were 
distended  with  blood. 

No  ordinar}'  bacteria  were  seen  in  impression  films  of  the  lung  tissue 
or  in  sections  stained  by  Gram's  or  MacCallum's'  method,  or  in  aerobic 
or  anaerobic  cultures  of  the  tissue. 

The  two  following  protocols  are  presented  in  order  to  show  the  cUnical 
and  pathological  effects,  regarded  as  t^-pical,  which  arise  independ- 
ently of  the  presence  of  ordinary  bacteria  of  any  demonstrable  kind. 

'  MacCallum,  W.  G.,  The  pathologj-  of  the  pneumonia  in  the  United  States 
Army  camps  during  the  winter  of  1917-18,  Monograph  of  The  Rockefeller  Insti- 
tute for  Medical  Research,  No.  10,  New  York,  1919,  47. 
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PROTOCOL    1. 

Patient  8. — M.  T.,  adult  female.  Feb.  9,  1919.  Onset  sudden  with  chills  and 
fever.  Feb.  10.  Photophobia;  prostration;  muscular  pains  in  the  back  and 
extremities;  mild  unproductive  cough.  Temperature  37.8°C.;  pulse  80.  Leuco- 
cytes 8,725,  of  which  1,832  were  mononuclears.  Physical  examination  showed 
lungs  to  be  clear;  pharynx  red  and  congested;  conjunctivae  injected.  No  other 
organs  affected.  Cultivation  of  sputum  and  nasopharyngeal  washings  yielded 
Pneumococcus  Type  IV;  no  Pfeiffer  bacilli.  The  fever  persisted  for  48  hours  and 
was  followed  by  an  uneventful  recovery. 

Anim<il  Itwculation. — The  unfiltered  nasopharyngeal  washings  obtained  20 
hours  after  the  onset  of  the  symptoms  were  inoculated  intratracheally  into 
Rabbit  A. « 

First  Passage.  Rabbit  A.- — Before  injection  the  normal  blood  counts  showed 
the  following  results:  Feb.  8,  1919.  Leucocytes  13,050,  of  which  there  were 
6,525  each  of  polymorphonuclears  and  mononuclears.  Feb.  10.  Prior  to  inocu- 
lation, leucocytes  14,425,  of  which  7,357  were  polymorphonuclears  and  7,068 
mononuclears.  Temperature  39.5°C.  Injected  intratracheally  with  3  cc.  of  the 
nasopharyngeal  washings  from  Case  8.  Feb.  11.  Conjunctivitis.  Leucocytes 
12,550,  of  which  7,781  were  polymorphonuclears  and  4,769  mononuclears.  Tem- 
perature 39.6°C.  Feb.  12.  Conjunctivitis  persists.  Leucocytes  11,450,  of 
which  7,786  were  polymorphonuclears  and  3,664  mononuclears.  Temperature 
39.8°C. 

The  development  within  24  hours  of  the  conjunctivitis,  the  rise  in  temperature 
with  depression  of  the  leucocytes  and  mononuclears,  which  endured  for  48  hours, 
were  indications  for  kiDing  the  animal.  Hence  on  Feb.  12  the  animal  was 
kiUed.« 

Autopsy. — The  lung  condition  was  such  as  has  been  described  as  a  typical  effect 
of  the  inoculation. 

Aerobic  Cultures. — Cultures  on  the  usual  media  remained  sterile.'" 

'  Usually  more  than  one  rabbit  was  inoculated  at  the  same  time,  but  in  this 
instance  only  the  course  of  the  rabbit  used  for  further  transmission  experiments 
is  described. 

'  In  all  experiments  the  animal  was  killed  by  a  sharp  blow,  which  dislocated 
the  upper  cervical  vertebrae.  In  this  way  the  compHcating  effects  of  ether  anes- 
thesia on  the  respiratory  tract  were  avoided.  The  blow  should  be  properly 
directed;  otherwise  the  chest  may  be  struck,  thus  causing  contusion  of  the  lung, 
or  the  skuU  may  be  broken  with  consequent  profuse  hemorrhages  and  aspira- 
tion of  the  blood,  in  which  event  the  pathological  picture  is  obscured. 

'"  As  a  routine  practice  aerobic  blood  cultures  were  made  before  the  animal 
was  killed.  Also  pieces  of  lung  tissue  were  planted  in  1  per  cent  dextrose  broth, 
and  in  this  medium  plus  rabbit  blood.  Anaerobic  cultures  of  lung  tissue  will  be 
described  in  another  communication. 
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Second  Passage.  Rabbit  B. — Average  normal  leucocyte  count  before  inocula- 
tion 10,775,  of  which  5,604  were  mononuclears.  Feb.  12,  1919.  Injected  intra- 
tracheally  with  3  cc.  of  the  suspension  of  lung  tissue  from  Rabbit  A.  Feb.  13. 
Leucocytes  7,600,  of  which  3,268  were  mononuclears.     Feb.  14.     Killed. 

Autopsy. — The  lung  appearance  was  typical. 

Aerobic  Cultures. — Remained  sterile. 

Third  Passage.  Rabbit  C. — Average  normal  leucocyte  count  before  inocula- 
tion 15,060,  of  which  7,461  were  mononuclears.  Feb.  14,  1919.  Injected  intra- 
trachcaUy  with  3  cc.  of  the  suspension  of  lung  tissue  from  Rabbit  B.  Feb.  15. 
Leucocytes  5,675,  of  which  2,043  were  mononuclears.  Feb.  16.  Leucocytes 
8,760,  of  which  3,942  were  mononuclears.     Killed. 

Autopsy. — Typical  lung  lesions,  but  to  a  milder  degree. 

Aerobic  Cultures. — No  growth  of  ordinary  bacteria  obtained. 

A  suspension  of  the  lung  tissue  from  this  rabbit  failed,  however,  to  produce  a 
similar  effect  in  the  succeeding  rabbit.  At  this  point  the  series  of  transmissions 
was  terminated. 

PROTOCOL  2. 

Patient  16. — N.  L.,  adult  female.  Mar.  28,  1919.  Onset  sudden  with  chills 
and  fever.  Mar.  29.  Temperature  39°C.;  muscular  pains  in  back;  prostration 
and  weakness;  epistaxis;  unproductive  cough;  coryza  and  photophobia.  Flushed 
face;  injected  conjunctivae;  congested  pharynx;  lungs,  a  few  rales  anteriorly  and 
posteriorly  on  left  side  only.  No  other  organs  affected.  Leucocytes  7,300; 
mononuclears  2,117.  Cultivation  of  sputum  and  nasopharyngeal  washings 
yielded  Pneumococcus  Tj^pe  IV.  Sputum  injected  into  mouse  jielded  no  Pfeiffer 
bacilli,  only  the  pneumococci.  On  the  2nd  day  of  illness  the  temperature  de- 
clined, and  the  general  condition  improved.  On  the  3rd  day  a  relapse  occurred, 
but  recovery  began  on  the  4  th  day. 

Animal  Inoculation. — The  unfiltered  nasopharyngeal  washings  were  obtained 
36  hours  after  the  onset  and  were  inoculated  into  the  lungs  of  Rabbit  A. 

First  Passage.  Rabbit  A. — Mar.  29,  1919.  Injected  intratracheally  with  3  cc. 
of  the  nasopharyngeal  washings  from  Case  16.  Mar.  30.  Conjunctivitis. 
Leucocytes  decreased  from  the  norm  of  8,200  to  6,700,  and  mononuclears  from 
4,100  to  2,680.     Killed. 

Autopsy. — Lungs  showed  the  typical  lesions. 

Aerobic  Ctdtures. — Free  from  growth. 

Second  to  Sixth  Passages.  Rabbits  B,  C,  D,  E,  and  F. — Each  rabbit  was  in- 
jected similarly  with  a  suspension  of  the  lung  tissue  of  the  immediately  preced- 
ing rabbit  of  the  series.  AU  showed  uniform  cUnical  effects.  After  24  to  48 
hours  there  developed  conjunctivitis,  leucopenia,  mononuclear  depression,  and 
varying  temperature  reactions.  None  died,  but  all  were  killed  48  hours  after  the 
injection,  except  Rabbit  C  which  was  killed  after  24  hours. 

Autopsy. — There  were  present  varying  degrees  of  the  typical  lung  lesions. 
The  lung  lesions  of  the  last  (sixth)  rabbit  passage  are  shown  in  Figs.  1,  3,  and  4. 
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Aerobic  Cultures. — In  each  instance  free  from  growth. 

Further  transmissions  were  not  made  and  hence  this  series  terminated  in  the 
sixth  rabbit  passage. 

The  two  series  of  experiments  recorded  in  Protocols  1  and  2  indicate 
that  definite  and  consistent  clinical  and  pathological  effects  were 
induced  in  two  series  of  rabbits  with  materials  derived  from  the  naso- 
pharjTix  of  recent  acute  cases  of  influenza  which  were  independent  of 
the  presence  of  ordinal}'  aerobic  bacteria. 

The  next  series  of  three  protocols  is  given  in  order  to  bring  out  the 
fact  that  the  clinical  and  pathological  effects  regarded  as  typical  appear 
even  when  ordinary  bacteria  are  cultivable,  and  also  that  these  bac- 
teria are  suppressible  through  successive  inoculation  while  the  typical 
effects  continue  to  occur. 

PROTOCOL  3. 

Patient  6. — K.,  adult  female.  Jan.  27,  1919.  Onset  sudden  with  chills  and 
fever.  Jan.  28.  Pains  in  the  muscles  of  back  and  legs;  prostrated  and  weak; 
severe  frontal  headache;  mUd  unproductive  cough.  Temperature  38°C.  Physi- 
cal examination  showed  no  signs  in  chest;  conjunctivEe  injected.  Cultivation  of 
sputum  and  nasopharyngeal  washings  yielded  Pfeiffer  bacilli  and  Pneumococcus 
Tj'pe  IV.     Symptoms  persisted  for  3  days,  followed  by  an  uneventful  recovery. 

Animal  Inoculation. — The  until tered  nasopharyngeal  washings  obtained  24 
hours  after  the  onset  of  the  symptoms  were  inoculated  into  the  trachea  of 
Rabbit  A. 

First  Passage.  Rabbit  A  (Text-Fig.  1,  a).— Jan.  28,  1919.  Injected  intra- 
tracheally  with  3  cc.  of  the  nasophar\'ngeal  washings  from  Case  6.  Blood  count 
of  rabbit  prior  to  inoculation  showed  15,025  leucocytes,  of  which  8,414  were 
mononuclears.  Jan.  29.  Purulent  conjunctivitis.  Leucocytes  6,600,  of  which 
2,244  were  mononuclears.  Jan.  30.  Leucocytes  8,025,  of  which  2,006  were 
mononuclears.     KiUed. 

Autopsy. — Left  lung  showed  gray  hepatization  with  fibrinous  pleuritis  (lobar 
pneumonia);  right  lung,  aside  from  a  small  area  of  atelectasis  in  upper  lobe, 
showed  edema  and  emphysema  with  large  numbers  of  petechial  hemorrhages. 

Aerobic  Cultures. — Left  lung  yielded  a  growth  of  Pneumococcus  Type  IV, 
avirulent  for  mice;"-  right  lung  yielded  no  growth  of  ordinary  bacteria. 

The  right  lung  was  employed  for  inoculation  into  the  next  rabbit. 

Second  Passage.  Rabbit  B  {Text-Fig.  1,  6).— Jan.  30,  1919.  Injected  intra- 
tracheally  with  3  cc.  of  the  suspension  of  tissue  from  right  lung  of  Rabbit  A. 

'1  The  significance  of  the  ordinary  bacteria  encoimtered  in  these  experiments 
will  be  dealt  with  in  another  communication. 
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Feb.  1.  Killed  after  having  shown  a  depression  of  6,765  in  the  total  count  and 
6,269  in  the  mononuclear  count  on  the  2nd  day  after  injection. 

Autopsy. — Both  lungs  were  edematous  and  emphysematous  and  showed 
multiple  punctate  hemorrhages. 

Aerobic  Cultures. — No  growth  obtained  from  heart's  blood  or  lung  tissue. 

Third  Passage.  Rabbit  C. — Feb.  1,  1919.  Normal  leucocyte  count  before 
inoculation  was  10,950,  of  which  5,585  were  mononuclears.  Temperature  39.1°C. 
Injected  intratracheaUy  with  3  cc.  of  the  suspension  of  lung  tissue  from  Rabbit  B. 
Feb.  2.  Both  conjunctiva  injected.  Leucocytes  9,300,  of  which  3,255  were 
mononuclears.  Temperature  39.7°C.  Feb.  3.  Conjunctivitis.  Leucocytes 
7,350,  of  which  2,850  were  mononuclears.    Temperature  40.5°C.     Killed. 

Autopsy. — Lungs  showed  typical  hemorrhagic  edema  and  emphysema. 

Aerobic  Cultures. — No  growth. 

Fourth  Passage.  Rabbit  D. — Feb.  3,  1919.  Injected  intratracheaUy  with  3 
cc.  of  the  suspension  of  lung  tissue  from  Rabbit  C.  On  the  ne.xt  2  days  the 
temperature  rose  from  39.3°  to  39.5°  and  40°C.  Conjunctivitis  was  present  with 
a  mononuclear  depression  of  2,455  cells  on  the  1st  day  and  1,829  on  the  2nd. 
Feb.  5.     Killed. 

Autopsy. — Besides  a  few  areas  of  consolidation  at  the  base  measuring  5  mm.  in 
diameter,  the  lungs  showed  edema,  patches  of  emphysema,  and  multiple  punctate 
hemorrhages. 

Aerobic  Cultures. — Heart's  blood,  no  growth;  lung  tissue,  lower  lobes  Pneu- 
mococcus  Type  IV,  upper  lobes  no  growth. 

The  upper  lobes  were  employed  in  the  ne.xt  transmission  experiment. 

Fifth  Passage.  Rabbit  E. — Feb.  5,  1919.  Injected  intratracheaUy  with  3  cc. 
of  a  suspension  of  tissue  from  the  upper  lobes  of  lungs  of  Rabbit  D.  During  the 
next  2  days  the  temperature  rose  from  39.5°  to  40.4°  and  39.8°C.  Leucopenia 
was  noted,  with  a  mononuclear  depression  from  5,377  to  2,030  on  the  1st  day 
and  3,468  on  the  2nd.     Feb.  7.    KiUed. 

Autopsy. — Lungs  showed  the  typical  lesions  similar  to  those  of  Rabbit  B. 

Aerobic  Cultures. — No  growth. 

Sixth  Passage.  Rabbit  F. — The  effects  were  an  exact  repetition  of  those  of 
Rabbit  E  so  that  it  is  unnecessary  to  give  them  in  detaU. 

Aerobic  Cultures. — No  growth. 

Seventh  Passage.  Rabbit  G. — Feb.  9,  1919.  Injected  intratracheaUy  with  3 
cc.  of  the  suspension  of  lung  tissue  from  Rabbit  F.  On  the  2  following  days  the 
temperature  rose  from  39.6°  to  39.8°C.  Leucopenia  developed,  the  count  dimin- 
ishing from  15,640  to  12,075  and  10,725  respectively,  with  a  mononuclear  depres- 
sion from  8,289  to  2,415  and  3,325  ceUs.     Conjunctivitis.     Feb.  11.     KUled. 

Autopsy. — Lungs  showed  typical  lesions  similar  to  those  of  Rabbits  B,  C,  E, 
andF. 

Aerobic  Cultures. — No  growth. 

Eighth  Passage.  Rabbit  Z7.— Feb.  11,  1919.  Temperature  39.7°C.  Leuco- 
cytes 12,560,  of  which  5,275  were  mononuclears.    Injected  intratracheaUy  with 
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3  cc.  of  the  suspension  of  lung  tissue  from  Rabbit  G.  Feb.  12.  Leucocytes 
3,250,  of  which  2,015  were  mononuclears.  Temperature  40.35°C.  Feb.  13. 
Leucocytes  4,300,  of  which  2,193  were  mononuclears.  Temperature  40.6''C. 
Died. 

Autopsy.— Right  lung  showed  consolidation  and  fibrinous  pleuritis;  left  lung 
revealed  typical  hemorrhagic  edema  with  emphysema. 

Aerobic  Cultures.— Ldt  lung,  no  growth;  right  lung,  Micrococcus  catarrhalis. 

The  left  lung  was  employed  in  the  next  transmission  experiment. 

NintJt  Passage.  Rabbit  /.—Feb.  13,  1919.  Leucocytes  11,200,  of  which 
5,488  were  mononuclears.  Temperature  39. 2^.  Injected  intratracheally  with 
3  cc.  of  the  suspension  of  lung  tissue  from  Rabbit  H.  On  the  next  2  days  the 
temperature  rose  to  39.6°  and  39.8°C.,  the  leucocytes  diminished  to  8,900  and 
8,675  cells,  and  the  mononuclears  to  3,382  and  2,776  respectively.  Feb.  IS. 
Killed. 

Autopsy. — Lungs  showed  the  typical  lesions. 

Aerobic  Cultures. — No  growth. 

Tenth  Passage.  Rabbit  J. — Feb.  15,  1919.  Injected  with  lung  tissue  from 
Rabbit  I  with  similar  results. 

Eleventh  Passage.  Rabbit  K. — Feb.  17,  1919.  Injected  similarly  with  lung 
tissue  from  Rabbit  J.  For  3  days  the  total  leucocyte  count  was  diminished 
from  10,120  to  8,320,  7,125,  and  7,975,  and  the  mononuclear  count  from  4,250 
to  2.573,  2,494,  and  1,674  respectively.  Allowed  to  recover  for  experiment  on 
immunity. 

This  series,  therefore,  was  voluntarily  terminated  in  the  eleventh 
rabbit  passage.  It  seems  certain  that  it  could  have  been  continued 
for  some  time  and  possibly  indefinitely.  Besides  what  were  regarded 
as  typical  results,  this  series  included  pneumonic  infections  with 
Pneumococcus  Type  IV  and  Micrococcus  catarrhalis  in  the  first,  fourth, 
and  eighth  passages.  Fortunately  the  pneumonic  areas  were  re- 
stricted and  did  not  lead  to  infection  of  both  lungs.  Hence  the  suc- 
cessive inoculation  of  the  bacteria-free  lung  tissue  could  be  continued. 
The  death  of  Rabbit  H  of  the  eighth  passage  was  the  first  to  occur  in 
our  experiments. 

PROTOCOL  4. 

Patient  11. — R.  N.,  adult  male.  Feb.  18,  1919.  Onset  sudden  with  chills  and 
fever.  Feb.  19.  Temperature  39°C.;  pulse  80.  Prostration;  general  malaise; 
coryza  and  photophobia;  unproductive  cough.  Physical  examination  showed 
conjunctivitis  and  congested  phar\-nx;  right  lung,  no  signs;  left  lung,  at  base,  few 
indefinite  rales.  Leucocytes  5,040,  of  which  1,764  were  mononuclears.  Cultures 
from  sputum  and  nasopharyngeal  washings  yielded  only  Streptococcus  viridans. 
Symptoms  endured  for  3  days,  followed  by  an  uneventful  recover>'. 
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Animal  Inoculation. — The  unfiltered  nasopharyngeal  washings  obtained  24 
hours  after  the  onset  of  the  symptoms  were  inoculated  into  the  lungs  of  Rabbit  A. 

First  Passage.  Rabbit  .4.— Feb.  19,  1919.  Leucocytes  13,960,  of  which 
8,794  were  mononuclears.  Temperature  39.3°C.  Injected  intratracheally  with 
3  cc.  of  the  nasopharyngeal  washings  from  Case  11.  Feb.  20.  No  change. 
Feb.  21.  Conjunctivitis.  Temperature  40.5°C.  Leucocytes  decreased  to  6,100; 
mononuclears  to  2,989.     KUled. 

Autopsy.- — Lungs  showed  the  typical  lesions. 

Aerobic  Cultures. — No  growth. 

Second  Passage.  Rabbit  B. — Feb.  21,  1919.  Leucocytes  12,650,  of  which 
6,451  were  mononuclears.  Temperature  39.7°C.  Injected  intratracheally  with 
3  cc.  of  the  suspension  of  lung  tissue  from  Rabbit  A.  On  the  next  2  days  there 
were  fever  (41.3°  and  40.6°C.),  leucopenia  (leucocytes  5,760  and  5,775),  and 
mononuclear  depression  to  2,592  and  1,098  ceUs.     Feb.  23.     Killed. 

Autopsy. — Lungs  showed  the  typical  lesions. 

Aerobic  Cultures. — No  growth. 

Third  to  Eighth  Passages.  Rabbits  C.  D,  E,  F,  G,  and  H. — These  rabbits  de- 
veloped, 24  hours  after  the  intratracheal  injection  of  the  suspensions  of  lung 
tissue  from  the  immediately  preceding  rabbit  in  the  series,  a  pronounced  leuco- 
penia (in  one  case  a  decrease  in  leucocytes  from  15,900  to  2,350),  mononuclear 
depression  (in  Rabbit  D,  for  example,  from  7,632  to  940  cells),  conjunctivitis,  and 
fever  (usually  above  40.2°C.).  The  rabbits  of  the  third,  fourth,  and  fifth  pas- 
sages died  48  hours  after  injection;  those  of  the  sixth,  seventh  (Text-fig.  1,  c), 
and  eighth  were  killed  in  the  usual  manner. 

Autopsy. — In  all  instances  definite  areas  of  consolidation  were  found  in  one  or 
more  lobes,  while  elsewhere  the  lung  contained  the  typical  areas  of  hemorrhage 
and  edema  accompanied  with  emphysema. 

Aerobic  Cultures. — The  consolidated  foci  of  the  third,  fourth,  and  fifth  pas- 
sages yielded  Pneumococcus  Type  IV,  and  of  the  sixth,  seventh,  and  eighth  an 
atypical  T>'pe  II  pneumococcus. 

Ninth  Passage.  Rabbit  /.—Mar.  5,  1919.  Leucocytes  14,225,  of  which  7,397 
were  mononuclears.  Temperature  39.5°C.  Injected  intratracheally  with  3  cc. 
of  the  suspension  of  lung  tissue  from  Rabbit  H.  After  48  hours  the  temperature 
rose  to  40°C.,  the  leucocytes  diminished  to  10,225,  of  which  6,237  were  mono- 
nuclears.    This  persisted  for  2  days.     Mar.  9.     Killed. 

Autopsy. — Lungs  showed  the  typical  lesions. 

Aerobic  Cultures. — No  growth. 

Tenth  Passage.  Rabbit  J. — Average  leucocyte  count  prior  to  moculation  was 
15,353,  of  which  7,587  were  mononuclears.  Temperature  39.6°C.  Mar.  9,  1919. 
Injected  intratracheally  with  3  cc.  of  the  suspension  of  lung  tissue  from  Rabbit  I. 
After  24  hours,  and  for  the  next  3  days,  the  temperature  rose  to  40°C.,  the  leuco- 
cytes diminished  to  11,400,  reaching  8,800  on  the  3rd  day,  and  the  mononuclears 
decreased  to  an  average  of  4,886  cells.     Mar.  13.     Killed. 
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Autopsy. — Lungs  showed  the  typical  lesions. 

Aerobic  Cultures. — No  growth. 

With  this,  the  tenth  rabbit  passage,  the  series  was  discontinued. 

This  series  closely  reproduces  the  previous  one.  The  transmission 
experiments  were  discontinued  with  the  tenth  passage  and  at  a  time 
when  the  typical  efTects  were  still  being  produced  regularly.  Several 
instances  of  fatal  intercurrent  infection  were  encountered,  the  pneu- 
monia present  being  associated  with  Pneumococcus  T>'pe  IV  or  atypical 
Type  II.  But  other  portions  of  the  lungs,  which  were  free  of  these 
and  other  ordinary  bacteria,  were  suitable  for  the  transmission  exper- 
iments. 

PROTOCOL  5. 

Patient  17.— S.  C,  adult  male.  Apr.  10,  1919.  Sudden  onset  at  night  with 
symptoms  of  languor,  chills,  headache,  and  dull  pain  in  the  back.  Apr.  11. 
General  malaise;  prostration;  fever;  headache;  no  cough  or  rhinitis.  Physical 
examination  showed  conjunctivae  injected,  pharjTix  congested,  and  lungs  clear 
(also  by  radiographic  examination).  Other  organs  unaffected.  Leucocytes  5,875, 
of  which  2,059  were  mononuclears.  Blood  culture  sterile.  Sputum  not  obtain- 
able. A  throat  culture  yielded  no  Pf eiffer  bacilli  on  oleate  agar  (Avery  medium'^) , 
but  a  Gram-negative  coccus  on  blood  agar  plates.  Nasopharyngeal  washings 
yielded  this  coccus  and  Streptococcus  viridans.  On  the  3rd  day  of  illness  the 
temperature  was  normal,  and  an  uneventful  recovery  followed. 

Animal  Inoculntion. — The  until tered  nasopharyngeal  washings  obtained  12 
hours  after  the  onset  of  symptoms  were  inoculated  intratracheally  into  Rabbit  A. 

First  to  Third  Passages.  Rabbits  A,  B,  and  C. — These  animals  were  employed 
for  the  first,  second,  and  third  passages  respectively,  the  same  methods  being  used 
as  those  described  in  the  previous  transmission  experiments.  Rabbit  A  died 
over  night.  Rabbit  C  after  2  days,  and  Rabbit  B  was  killed.  In  all  instances 
fever  (above  40°C.)  developed,  with  conjunctivitis  and  a  prompt  and  marked 
leucopenia  and  mononuclear  depression  similar  to  those  already  given. 

Autopsy. — The  lungs  revealed  typical  hemorrhagic  edema,  the  hemorrhages 
varying  from  diffusely  scattered  small  foci  to  large  areas  involving  almost  an 
entire  lobe,  sometimes  of  infarct  shape.    There  was  no  definite  consolidation. 

Aerobic  Cultures. — The  lungs  of  the  three  animals  yielded  Tv^^e  IV  pneumococci. 

Fourth  to  Fifteenth  Passages.^^ — These  were  initiated  with  a  filtrate,  free  from 
aerobic  bacteria,  of  the  suspension  of  lung  tissue  from  Rabbit  C. 

In  this  experiment  the  pneumococcus  present  in  the  nasopharyngeal 
secretions  was  not  suppressed  during  the  first  to  third  rabbit  passages. 

12  Avery,  0.  T,  J.  Am.  Med.  Assn.,  1918,  Ixxi,  2050. 

''  These  experiments  will  be  described  in  detail  in  a  later  communication. 
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But  the  effects  in  the  animal,  even  though  severe  and  fatal,  bore  so 
close  a  resemblance  to  those  arising  in  the  four  previous  series  of  rab- 
bits that  it  was  deemed  advisable  to  free  tlie  material  from  the  pneu- 
mococcus  by  filtration.  The  filtrate  thus  secured,  free  from  aerobic 
organisms,  was  passed  through  a  series  of  twelve  animals  in  which  the 
typical  clinical  and  pathological  effects  were  obtained. 

Thus  far  we  have  dealt  with  cases  of  influenza  which  occurred  dur- 
ing the  epidemic  of  1918-19.  The  next  series  of  experiments  relates  to 
cases  arising  in  the  winter  of  1920  of  which  three  uncomphcated  cases 
in  the  early  stage  of  the  affection  were  available  for  study. 

PROTOCOL  6. 

Patient  24.— R.  J.,  adult  female.  Jan.  20,  1920.  Onset  sudden  with  chills 
and  fever.  Jan.  21.  Prostration;  photophobia;  muscular  pains;  lonproductive 
cough.  Conjunctivitis  and  injected  pharvTix;  lungs  negative.  Leucocytes  2,800, 
of  which  336  were  mononuclear.  Cultures  from  the  nasopharyngeal  washings 
yielded  numerous  colonies  of  Staphylococcus  albus  and  Micrococcus  flavus,  and 
a  moderate  number  of  Pfeiffer  bacilli. 

Animal  Inoculation. — The  filtered  and  unfiltered  washings  obtained  20  hours 
after  the  onset  were  inoculated  into  the  lungs  of  three  rabbits  which,  within  24 
hours,  developed  conjunctivitis,  fever,  leucopenia,  and  mononuclear  depression 
similar  to  those  in  the  other  instances  cited.  The  animals  were  killed  48  hours 
after  inoculation. 

Autopsy. — The  lungs  showed  the  typical  hemorrhagic,  emphysematous,  and 
edematous  condition. 

With  the  lungs  of  these  rabbits  another  series  of  transmissions,  consisting  of 
three  rabbits,  two  for  the  filtered  material,  to  be  described  in  another  communica- 
tion, and  one  for  the  unfiltered,  was  carried  out.  The  results  in  each  case  were 
typical. 

PROTOCOL  7. 

Patient  26. — M.  O.,  adult  female.  Feb.  4,  1920.  Onset  sudden  with  chills 
and  fever.  Temperature  40.1°C.  Feb.  5.  Fever;  muscular  pains;  unproduc- 
tive cough.  Conjunctivitis;  lungs  clear.  Leucocytes  6,000,  of  which  1,380 
were  mononuclears.  Cultures  from  the  nasopharyngeal  washings  yielded  mainly 
Staphylococcus  albus  and  also  pneumococci,  hemolytic  streptococci,  and  occasional 
Pfeiffer  bacilli. 

Animal  Inoculation. — The  filtered  and  unfiltered  nasopharyngeal  washings 
obtained  30  hours  after  the  onset  were  injected  intratracheaUy  into  Rabbits  A, 
B,  and  C,  the  last  two  receiving  the  filtrates.  These  animals  showed  the  typical 
cUnical  and  pathological  effects,  similar  to  those  of  the  rabbits  described  in  Pro- 
tocols 1  and  2.  No  ordinar\'  bacteria  were  detected  in  cultures  or  films  of  the 
lungs.    The  rabbits  were  killed  48  hours  after  the  inoculation. 
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With  the  lungs  of  these  animals  another  series  of  transmissions  was  carried  out, 
with  results  which  were  regarded  as  typical.  The  gross  appearance  of  the  lungs 
of  one  rabbit  is  shown  in  Fig.  2.  The  lungs  of  one  rabbit  of  the  first  passage 
of  the  filtered  material  (Rabbit  C)  were  preserved  in  sterile  50  per  cent  glycerol 
for  4  months,  and  the  lungs  of  Rabbit  D,  the  second  passage  of  the  unfiltered  wash- 
ings, for  10  days.  With  these  glycerolated  lungs  further  transmission.^  were  car- 
ried out  to  be  described  in  another  communication,  until  the  experiment  was 
voluntarily  discontinued  with  the  sixth  rabbit  passage.  All  showed  the  typical 
clinical  and  pathological  effects,  and  in  no  instance  were  ordinary  bacteria 
detected  in  cultures  or  in  stained  films  from  the  lungs. 

PROTOCOL  8. 

Patient  27. — P.  S.,  adult  male.  Feb.  9,  1920.  Onset  sudden  with  chills  and 
fever.  Feb.  10.  Fever;  muscular  pains;  sore  throat;  tracheal  cough;  headache; 
prostration.  Lungs  clear.  Leucocytes  13,000,  of  which  10,140  were  polymorpho- 
nuclears. Cultivation  of  nasopharyngeal  washings  yielded  an  almost  pure 
culture  of  hemolytic  streptococci  and  a  few  colonies  of  PfeifTer  bacilli.  The 
question  was  raised  of  a  complicating  streptococcus  sore  throat  in  this  patient. 

Animal  Inoculation. — The  filtered  and  unfiltered  nasopharyngeal  washings 
obtained  20  hours  after  onset  were  injected  into  the  lungs  of  five  rabbits.  The 
filtrates  produced  no  effect;  the  unfiltered  material  caused  abscess  of  the  lung, 
from  which  hemolytic  streptococci  were  isolated.  The  material  was  not  inocu- 
lated further. 

It  is  seen  that  the  nasopharyngeal  secretions  of  two  of  three  cases 
of  influenza  during  the  second  or  1920  epidemic  gave  rise  in  rabbits 
to  clinical  and  pathological  effects,  independently  of  the  presence  of 
ordinary  bacteria,  similar  to  those  obtained  during  the  first  or  1918 
epidemic. 

Negative  Transmission  Experiments. 

In  addition  to  the  positive  transmission  experiments  presented 
under  Protocols  1  to  8,  several  cases  of  influenza,  at  somewhat  later 
stages  in  the  evolution  of  the  disease,  were  studied  in  the  same  man- 
ner. The  cases  from  the  1918  epidemic  included  five  which  were 
in  the  3rd  day  of  the  disease  when  the  washings  were  secured,  four  in 
the  afebrile  and  convalescent  stage,  and  two  in  course  of  a  secondary 
pneimionia.  From  the  1920  epidemic  one  case  only,  on  the  1st  afeb- 
rile day,  was  studied. 

The  washings  from  the  nasopharynx  of  these  individuals  were  col- 
lected and  injected  into  rabbits  in  the  manner  already  described,  and 
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in  none  of  them  was  the  characteristic  effect  on  the  blood  count 
observed  (Text-fig.  2).  When  a  blood  change  did  occur  it  was  of  the 
nature  of  a  polymorphonuclear  leucocytosis.  The  lung  lesions,  when 
any  were  present,  consisted  of  lobar  consolidation  in  which  pneu- 
mococci,  as  a  rule,  were  demonstrated. 
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Text-Fig.  2.  First  rabbit  passage  of  the  nasopharyngeal  washings  from 
Patient  5.  The  washings  were  obtained  at  the  beginning  of  the  3rd  day  of 
uncompUcated  influenza.     No  effect  on  blood  count  and  temperature. 

Control  Experimenls  {Text-Fig.  3,  a  and  b). 

The  control  tests  consisted  of  the  injection  into  the  lungs  of  rabbits 
of  saUne  solution,  suspensions  of  nonnal  rabbit  lungs,  normal  rabbit 
serum,  foreign  protein,  such  as  human  ascitic  fluid,  bacteria  of  the 
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ordinary  species,'"'  including  Pfeiffer's  bacillus  and  its  poison  as  pre- 
pared by  Parker's  method,'*  and  finally,  the  nasopharyngeal  secretions 
from  fourteen  persons  free  from  influenza  and  tested  in  the  epidemic 
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Text-Fig.  3,  a  and  h.  Effect  on  the  blood  count  and  temperature  of  intra- 
tracheal inoculations  of  control  materials,  (a)  Inoculation  of  nasopharyngeal 
secretions  from  a  normal  individual  free  from  an  influenzal  attack.  A  transient 
polymorphonucleosis  on  the  3rd  day  after  inoculation  is  shown,  {b)  Inocula- 
tion of  a  suspension  of  normal  rabbit  lung.  No  effect  on  blood  count  and 
temperature. 

'^  Control  experiments  with   ordinary   bacteria  injected  intratracheaUy  will 
be  described  in  another  communication. 
"  Parker,  J.  T..  J.  Immunol.,  1919,  iv,  331. 
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and  interepidemic  periods.  Of  the  latter,  seven  suffered  from  early 
or  later  stages  of  coryza.  The  lung  tissue  of  the  inoculated  rabbits' 
was  in  turn  reinoculated  into  two  successive  series  of  rabbits.  None 
of  the  55  animals  inoculated  wath  the  control  materials  or  these  secre- 
tions showed  the  famihar  clinical  and  pathological  action;  a  few  gave 
a  poljTnorphonucleosis  with  frank  lobar  pneumonia,  others  a  mono- 
nucleosis without  limg  involvement,  and  still  others  inconstant  effects. 

DISCUSSION. 

The  object  of  the  present  investigation  was  to  determine,  if  possible, 
whether  the  secretions  of  the  nasophar>-nx  of  indi\iduals  suffering  from 
epidemic  influenza  exhibited  on  inoculation  into  animals  any  peculi- 
arities of  action  or  properties  which  would  serve  to  distinguish  them 
from  the  secretions  of  indi\iduals  not  so  affected.  Obviously,  the 
first  requisite  was  a  standard  by  means  of  wliich  this  action,  or  eft'ect, 
could  be  detected.  We  sought  one  which  was  subject  to  measurement 
with  at  least  a  fair  degree  of  accuracy  and  did  not  necessitate  killing 
the  inoculated  animal.  This  criterion  was  found  in  the  blood,  asso- 
ciated with  changes  in  the  absolute  and  differential  white  blood  count 
and  correlated  with  the  leucocytic  curve  in  uncomplicated  cases  of 
epidemic  influenza  in  man.  A  second  criterion,  observable  after  the 
animal  had  been  killed,  was  discovered  in  certain  hemorrhagic,  ede- 
matous, and  emphysematous  changes  in  the  lungs. 

The  next  point  was  the  determination  of  the  relation  of  the  changes 
noted  in  the  leucocyte  count  and  the  lung  structures  to  the  ordinary 
bacterial  flora  of  the  nasophar>Tix.  The  fact  that  the  changes  were 
regularly  observable,  under  favorable  conditions,  in  the  complete 
absence  of  ordinary  bacteria  in  culture  and  in  film,  was  regarded  as 
particularly  significant. 

The  deduction  arrived  at,  therefore,  as  a  result  of  the  experiments 
carried  out  in  rabbits  was  to  the  effect  that  patients  with  epidemic 
influenza,  within  at  least  the  early  stage  of  the  obvious  infection,  carry 
in  their  nasopharyngeal  secretions  a  substance  which  is  not  ordinary 
bacteria  or  their  metabolic  products.  This  substance  when  inoculated 
intratracheally  into  rabbits  readily  causes  fever,  leucocytic  and  particu- 
larl}'  mononuclear  cell  depression,  lung  hemorrhage,  edema,  and  em- 
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physema.  Whatever  this  active  substance  is,  it  seems  to  disappear 
from  or  to  diminish  in  the  nasopharyngeal  secretions  of  cases  of  epi- 
demic influenza  so  as  to  be  no  longer  discoverable  by  inoculation  tests 
about  36  hours  after  the  obvious  symptoms  of  the  disease  have  ap- 
peared, and  to  be  absent  from  healthy  persons  and  in  other  pathologi- 
cal conditions. 

When  implanted  in  the  lungs  of  the  rabbit  this  substance  appears 
to  increase,  since  it  remains  active  through  a  long  series  of  inocula- 
tions of  the  lung  tissue  in  successive  passages  through  rabbits. 

The  substance  is  readily  filterable  through  Berkefeld  filters.  It  is 
capable  of  surviving  and  apparently  of  multiplying  in  association  with 
ordinary  bacteria  not  only  in  the  nasopharyngeal  secretions  in  man 
but  also  in  the  lungs  of  rabbits,  in  the  latter  at  least  for  a  time. 

WTien  the  unfiltered  washings  containing  nasopharyngeal  secre- 
tions of  patients  in  early  stages  of  epidemic  influenza  are  injected  intra- 
tracheally  into  rabbits,  this  substance  when  present  exerts  its  peculiar 
action  while  some  multiplication  of  ordinary  bacteria  (usually  Pneu- 
mococcus  Type  IV)  is  going  on  in  the  lung.  The  successive  passage 
of  unfiltered  emulsions  of  selected  parts  of  the  lungs,  away  from  obvi- 
ously infected  and  consolidated  areas,  leads  often  to  rapid  and  com- 
plete disappearance  of  the  ordinary  bacteria  and  survival  and  possibly 
increase  of  this  active  substance. 

No  attempt  will  be  made  in  this  paper  to  define  further  the  nature 
of  the  active  substance  or  to  relate  it  more  accurately  and  specifically 
with  the  etiology  of  epidemic  influenza.  . 

SUMMARY. 

An  active  substance  has  been  detected,  by  the  methods  described, 
in  five  patients  in  early  stages  of  epidemic  influenza  during  1918-19 
and  two  patients  in  early  stages  of  epidemic  influenza  during  1920. 
It  was  not  detected  in  twelve  cases  of  the  same  disease  in  which  the 
onset  of  obvious  symptoms  occurred  more  than  36  hours  before  wash- 
ing of  the  nasopharynx  was  carried  out,  nor  was  it  found  in  the  secre- 
tions of  fourteen  individuals  free  from  the  syndrome  of  influenza 
either  during  the  epidemics  or  the  interA'al  between  them. 

With  this  substance  a  clinical  and  pathological  condition  has  been 
induced  in  rabbits,  affecting  the  blood  and  pulmonary  structures 
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mainly,  which  could  be  maintained  and  carried  through  at  least  fif- 
teen successive  animals.  For  this  reason,  and  also  because  of  the 
dilution  between  passages,  we  are  led  to  believe  that  we  were  dealing 
with  the  actual  transmission  of  a  multiplying  agent  rather  than  with 
a  passive  transference  of  an  original  active  substance. 

In  some  of  the  experiments  secondary  infections  by  ordinary  bac- 
teria were  encountered.  The  relation  of  these  microorganisms  to 
this  active  substance  will  be  dealt  with  fully  in  another  communica- 
tion. However,  the  essential  effects  were  produced  by  a  substance 
wholly  unrelated  to  these  bacteria. 

The  similarity  that  exists  between  the  effects  produced  in  rabbits 
on  the  blood  and  the  lungs  and  those  occurring  in  man  in  epidemic 
influenza  provides  a  basis  for  further  investigation  on  the  inciting 
agent  of  epidemic  influenza. 

EXPLANATION  OF  PLATES. 
Plate  5. 

Fig.  1.  Gross  lesions  of  a  lung  from  Rabbit  F,  representing  the  sixth  rabbit 
passage  of  the  nasopharyngeal  secretions  from  Patient  16.  The  hemorrhages, 
edema,  and  emphysema  of  the  lung,  more  marked  in  the  upper  lobe,  and  absence 
of  pneumonic  consolidation  are  noteworthy.    Natural  size. 

Fig.  2.  Gross  lesions  of  the  lungs  from  Rabbit  D,  representing  the  second 
rabbit  passage  of  the  nasopharyngeal  secretions  from  Patient  26.  This  case 
occurred  in  the  second  epidemic  of  1920  and  is  to  be  compared  with  Fig.  1  de- 
rived from  the  first  epidemic  of  1918-19.  Hemorrhages,  edema,  and  emphysema 
are  shown.  A  small  area  of  atelectasis  is  seen  at  the  inner  margin  of  the  lower 
right  lobe.    Natural  size. 

Plate  6. 

Fig.  3.  Microscopic  appearance  of  a  section  of  the  lung  shown  in  Fig.  1. 
Edema  and  emphysema  are  present.  A  vessel  is  shown  distended  with  blood, 
and  mononuclears  may  be  seen  in  the  interalveolar  tissues.     X  about  190. 

Plate  7. 

Fig.  4.  A  different  section  of  the  same  lung.  The  small  discrete  hemorrhages, 
the  edema,  and  the  cellular  exudate  are  shown.     X  about  190. 
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PLATE  5. 


Fig.  1. 
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(Olitsky  and  Gates:  Nasopharyngeal  secretions  from  infiuenia.     I.) 
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(Olitsky  and  Gales:  Nasopharyngeal  secretions  from  inllnenzn      M 
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(Olitsky  and  Gates:  Nasopharyngeal  secretions  from  influenza.    I.) 


CHILOMASTIX  MESNELI  AND  A  METHOD  FOR  ITS 

CULTURE. 

By  WILLIAM  C.  BOECK,  Ph.D. 

{From  the  Department  of  Medical  Zoology  of  the  School  of  Hygiene  and  Public 
Health,  the  Johns  Hopkins  University,  Baltimore.) 

(Received  for  publication,  July  26,  1920.) 

In  January,  1920,  a  chronic  case  of  diarrhea  due  to  a  flagellate 
infection  was  brought  to  the  notice  of  the  author  and  upon  examina- 
tion the  flagellate  was  identified  as  C/iUoniastix  mesnili.  Attempts 
to  culture  this  parasitic  flagellate  proved  successful.  Observations 
made  from  time  to  time  upon  the  flagellates  in  both  the  stools  of  the 
patient  and  the  cultures,  as  well  as  data  derived  from  a  study  of 
permanent  preparations,  have  revealed  further  information  regarding 
the  biology  of  this  organism.  It  is  the  purpose  of  this  paper  to 
describe  this  parasite  and  its  activities  and  to  give  a  method  of  culture 
for  the  growth  of  this  organism  in  artificial  medium. 

Regarding  its  phylogeny,  Chilomastix  tnesiiili  belongs  to  the  family 
Tetramitidae,  the  order  Polymastigina,  and  the  class  Mastigophora. 

The  habitat  of  the  parasite  is  the  small  intestine  of  man.  It  is 
often  the  cause  of  chronic  or  intermittent  diarrhea.  Cases  of  infec- 
tion by  Chilomastix  in  man  have  been  reported  from  nearly  every 
locality  in  the  world.  Chalmers  and  Pekkola^  state  that  they  have 
always  found  Chilomastix  associated  with  other  protozoa  and  not 
entirely  by  itself.  But  in  the  case  of  infection  referred  to  above 
Chilomastix  was  the  only  protozoan  parasite  found.  In  all  prob- 
ability it  is  the  cause  of  the  patient's  diarrhea.  No  formed  stools 
have  been  passed  since  the  discovery  of  the  infection  2  years  ago 
which  was  then  thought  to  be  caused  by  Trichomonas  intestinalis. 
In  the  United  States,  cases  of  infection  by  Chilomastix  mesnili  are 

'  Chalmers,  A.  J.,  and  Pekkola,  W.,  Chilomastix  mesnili  (Wenyon  1910),  Ann. 
Trap.  Med.  and  Parasit.,  1918,  xi,  213. 
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by  no  means  rare,  for  Kofoid,  Kornhauser,  and  Plate^  found  it  present 
in  5.8  per  cent  of  the  1,200  overseas  troops  which  were  examined  at 
New  York.  Of  534  persons  examined  at  Berkeley,  California,  by 
Kofoid  and  Swezy,'  28,  or  5.3  per  cent,  were  found  infected.  Many 
clinicians  no  doubt  have  confused  Chilomastix  mesnili  with  Tricho- 
monas inleslinalis .  This  mistake  is  due  to  the  similarity  in  move- 
ment of  the  cytostomal  ^dLgeWnmol  Chilomastix  mesnili  to  the  undulat- 
ing membrane  of  Trichomonas  inleslinalis. 

Morphology. 

The  cultivation  of  Chilomaslix  mesnili  in  artificial  medium  has 
made  observations  possible  from  day  to  day.  Under  these  cultural 
conditions  the  flagellates  grew  and  multiplied.  Apparently  the 
environment  satisfied  most  of  the  biological  requirements  of  the 
parasites.  The  data  given  here  regarding  the  morphology  and 
activity  of  these  organisms  are  based  upon  direct  and  continued  obser- 
vations made  upon  the  flagellates  under  cultural  conditions,  and  also 
upon  a  study  of  permanent  preparations  made  from  the  cultures  and 
from  the  feces  of  the  patient  harboring  the  flagellates. 

Molile  Flagellate.— T\it  location  of  the  various  organs  in  Chilo- 
mastix will  be  given  as  they  are  seen  in  a  dorsal  view,  for  it  is 
from  the  dorsal  \aew  that  convention  or  custom  has  always  designated 
the  right  and  left  sides  of  any  object. 

The  best  descriptions  of  the  motile  or  active  form  of  Chilomastix 
mesnili  have  been  supplied  by  Chalmers  and  Pekkola'  and  more 
recently  by  Kofoid  and  Swezy.^  The  descriptions  given  by  these 
two  groups  of  workers  differ  in  some  respects;  that  of  Kofoid  and 
Swezy,'  however,  is  the  more  valuable  because  details  of  morphology 
are  given  which  were  pre\dousIy  unknown.  The  description  given 
here  corroborates  that  of  Kofoid  and  Swezy^  in  nearly  all  details. 
The  differences  of  interpretation  and  interpolation  of  new  data  regard- 
ing the  morphology  and  the  activities  of  the  flagellates  have  come  as 
a  result  of  continued  study  of  the  organisms  in  cultures  over  a  period 

^  Kofoid,  C.  A.,  Kornhauser,  S.  I.,  and  Plate,  J.  T.,  Intestinal  parasites  in  over- 
seas and  home  service  troops  of  the  U.  S.  Army,  /.  Am.  Med.  Assn.,  1919,  Ixxii, 
1721. 

'  Kofoid,  C.  A.,  and  Swezj',  O.,  On  the  morphology  and  mitosis  of  Chilomastix 
mesnili  (Wenyon),  Univ.  California  Pub.,  ZooL,  1920,  xx,  117. 
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of  4  months.  The  cultures  were  inoculated  on  January  27.  1920, 
and  were  kept  alive  by  subculturing  until  June  15,  1920,  when  a 
mishap  to  the  heating  apparatus  of  the  incubator  caused  it  to  reach 
80°C.,  which  resulted  in  the  death  of  the  organisms. 

The  usual  shape  of  the  body  of  Chilomastix  mesnili  is  pjnriform  with 
a  rounded  anterior  end  and  a  pointed  posterior  end  terminating  in  a 
spine-like  process.  The  latter  structure  is  composed  almost  entirely 
of  hyaline  periplast.  The  sides  begin  to  taper  posteriorly  at  the 
middle  of  the  body.  This  tapering  is  not  uniform  for  both  sides  but 
varied,  depending  upon  the  particular  state  of  locomotion  the  flagel- 
late may  be  in  at  any  given  moment.  It  is  not  uncommon  to  find 
forms  which  have  the  ventrum  flattened,  and  the  dorsum  arched,  so  that 
in  profile  they  resemble  a  side  view  of  Giardia  inleslinalis.  When 
these  particular  flattened  forms  were  encountered,  the  posterior  spine 
appeared  as  a  posterior  terminal  extension  of  the  ventrum,  while  in 
other  forms  the  spine  is  terminal  but  more  axially  situated. 

In  the  stools,  the  active  flagellates  have  been  seen  to  assume  the 
shape  of  a  sphere,  and  the  spine-like  protuberance  has  been  with- 
drawn by  contraction.  On  two  occasions  twisted  forms  have  been 
seen  similar  to  those  described  by  Wenyon  and  O'Connor,*  Chalmers 
and  Pekkola,'  and  Kofoid  and  Swezy.^  The  twisted  forms  have  not 
been  encountered  in  the  cultures.  Fortunately,  it  was  possible  to 
observe  these  atypical  flagellates  for  a  considerable  length  of  time  and 
evidence  was  obtained  which  may  explain  their  twisted  condition. 

The  twisted  state  of  the  flagellate  appears  to  be  a  temporary  con- 
dition, at  least  as  far  as  the  flagellates  in  this  particular  case  are 
concerned. 

Wenyon^  did  not  note  this  twisted  condition  in  his  original  description  of 
Chilomastix  mesnili  from  man,  and  it  was  not  until  later  that  he  and  O'Connor"* 
described  it.  Chalmers  and  Pekkola'  spoke  of  this  twisted  condition  as  due  to 
"a  dorsal  twisting  of  the  antero-ventral  part,  while  the  posterior  part  of  the  body 
is  not  affected.    This  twist  naturally  gives  rise  to  the  appearance  of  hues  and 

*  Wenyon,  C.  M.,  and  O'Connor,  F.  W.,  Human  intestinal  protozoa  in  the 
Near  East,  London,  1917. 

^  Wenyon,  C.  M.,  A  new  flagellate  (Macrostotna  mesnili  n.  sp.)  from  the  human 
intestine  with  some  remarks  on  the  supposed  cysts  of  Trichomonas,  Parasil., 
1910,  iii,  210. 
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grooves  running  more  or  less  diagonally  backwards  across  the  body."  Kofoid 
and  Swezy'  found  that  this  twisted  condition,  resulting  in  a  diagonal  groove, 
characterized  most  of  the  active  forms  of  Chilomastix  mcsnili  and  therefore  con- 
cluded that  the  groove  was  a  permanent  structure.  They  also  believed  that  in 
the  forms  where  the  groove  was  not  in  evidence,  it  had  temporarily  disappeared 
due  to  the  contraction  of  the  body. 

Since  January,  1920,  the  author  has  received  fecal  specimens  once 
or  twice  each  week  from  the  patient  infected  with  Chilomaslix  mesnili. 
As  has  been  said  before,  on  only  two  occasions  were  the  twisted  forms 
encountered.  On  these  occasions  it  was  also  found  that  the  flagellates 
were  definitely  changed  in  shape.  The  anterior  end  was  rounded  as 
usual  but  the  posterior  half  of  the  body  was  broadly  flattened  from 
side  to  side.  A  dorsal  view  showed  the  body  almost  truly  pyriform 
with  uniformly  tapering  sides  (Text-fig.  1).  A  lateral  view  resembled 
the  side  view  of  a  tadpole,  for  the  posterior  end  possessed  a  broad 
flattened  tail  instead  of  a  pointed  spine  (Text-fig.  2,  a).'  On  closer 
observation  it  was  seen  that  the  tail  contained  two  rib-like  extensions 
of  the  granular  endoplasm  running  out  into  the  hyaline  periplast  of 
the  ectoplasm.  These  two  ribs  of  endoplasm  were  imited  anteriorly 
where  they  joined  the  mass  of  endoplasm  of  the  anterior  portion  of 
the  body,  but  they  began  to  diverge  as  they  proceeded  posteriorly 
and  became  separated  by  a  thin  membrane-like  structure  made  only 
of  the  periplast.  The  area  of  the  tail,  constituted  only  of  the  mem- 
brane of  periplast  between  the  two  ribs  of  endoplasm,  was  thinner  than 
the  adjacent  areas  occupied  by  the  endoplasmic  ribs,  which  were 
also  surrounded  by  periplast.  This  condition  resulted  in  the  forma- 
tion of  a  straight  groove  on  each  side  of  the  body  between  these 
extensions  of  the  endoplasm  (Text-fig.  2,b). 

These  forms,  in  addition  to  being  laterally  flattened,  assumed  the 
twisted  condition  both  when  at  rest  and  during  locomotion.  They 
possessed  definite  grooves  running  diagonally  and  posteriorly  from 
the  left  to  the  right  side  (Text-fig.  3).  To  all  appearances  these 
flagellates  were  similar  to  the  twisted  forms  described  by  Wenyon 
and  O'Connor,^  Chalmers  and  Pekkola,^  and  somewhat  like  those 
described  by  Kofoid  and  Swezy.^  In  view  of  the  presence  of  the 
laterally  flattened  forms  which  showed  grooves  in^the  posterior  region, 
but  were  not  twisted,  it  seemed  plausible  that  the  grooves  of  the 
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twisted  forms  were  identical  with  those  of  the  flagellates  which  were 
not  twisted,  and  that  this  state  was  a  temporary  condition  brought 
about  by  some  factor  which  accounted  for  the  change  in  form  of  the 
flagellates.  The  flagellates  which  were  not  twasted  but  were  flattened 
may  either  have  recovered  from  the  twisted  condition  or  not  as  yet 
become  so  transformed.  The  temporary  nature  of  the  twisted  con- 
dition of  the  flagellates  of  this  particular  case  of  infection  seems  all 
the  more  substantiated  since  it  was  never  observed  in  the  flagellates 
which  have  been  growing  and  reproducing  in  cultures  for  over  4  months. 


Text-Fig.  1. 


Text-Fig.  2. 


Text-Fig.  3. 


Text-Fig.  1.  Chilomastix  mesnili,  dorsal  view,  unstained.  Posterior  region 
compressed.     X  3,300. 

Text-Fig.  2.  Chilomastix  mesnili,  unstained,  (a)  Lateral  view  showing  com- 
pressed tail;  (b)  cross-section  of  tail  to  show  grooves.     X  3,300. 

Text-Fig.  3.  Chilomustix  mesnili,  dorsal  view,  unstained.  Twisted  form 
showing  diagonal  groove.     X  3,300. 

The  motile  organisms  observed  in  this  case  measured  3  to  19 
microns  in  length  and  2  to  9  microns  in  width.  Most  forms  in  the 
stool  were  8  to  14  microns  in  length.  The  flagellates  possessed  three 
anterior  flagella  and  a  cytostomal  flagellum  situated  in  the  oral 
cavity,  or  cytostome.  In  a  dorsal  view  (Text-fig.  4)  the  cytostome 
is  located  on  the  ventrum  and  the  right  side,  extending  backward  a 
distance  of  one-third  to  one-half  the  length  of  the  body.     The  nucleus 
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is  round,  and  located  near  the  anterior  border  of  the  body,  to  the  left 
of  the  cytostomc  and  dorsal  to  it.  In  unstained  specimens  it  appears 
somewhat  refractile.  The  cytoplasm  is  granular  and  generally  con- 
tains large  vacuoles,  in  many  of  which  was  a  bacterial  cell  which  had 
been  previously  ingested  as  food.  At  the  times  when  binary  fission 
is  in  process  a  tendency  probably  exists  on  the  part  of  the  flagellate  to 
desist  from  eating,  for  in  many  of  the  forms  undergoing  division  no 
vacuoles  containing  bacteria  were  seen. 

In  locomotion,  Chilomastix  mcsnili  is  propelled  forward  and  spirally 
in  a  jerky  manner  by  the  action  of  its  flagella.  The  two  left  anterior 
flagella,  as  Kofoid  and  Swezy'  have  pointed  out,  beat  backward  and 
against  the  left  side  of  the  body,  and  the  other  anterior  flagellum 
beats  backward  against  the  right  side  of  the  body.  The  motion  of 
these  flagella  is  undulatory,  the  ripples  starting  at  the  point  of 
origin  of  the  anterior  flagella  and  proceeding  posteriorly.  These 
waves  of  contraction  diminish  as  they  progress  distally  along  each 
flagellum. 

The  cytostomal  flagellum  lies  within  the  cytostome  and  forms  an 
undulating  membrane  by  adhering  to  the  inner  portion  of  the  cyto- 
plasmic lip  or  membrane  which  is  also  within  the  cytostome  (Text- 
fig.  4).  This  flagellum  is  probably  not  involved  in  any  purpose  of 
locomotion  but  functions  chiefly  as  a  means  of  obtaining  food.  Gabel' 
and  Chalmers  and  Pekkola^  noted  that  the  flagellum  may  not  always 
form  an  undulating  membrane  but  maj"  act  as  a  free  flagellum.  In 
the  writer's  observ^ations  upon  li\-ing  forms  thus  far  the  flagellum 
has  not  been  seen  as  a  free  whip  but  always  combined  w^th  the  thin 
cytoplasmic  lip  to  form  an  undulating  membrane.  In  the  flagellates 
more  or  less  quiescent,  the  action  of  this  cytostomal  undulating  mem- 
brane was  easily  observed.  The  undulating  waves  of  contraction 
began  at  the  anterior  end  of  the  cytostome  at  the  place  of  origin  of  the 
cytostomal  flageUum  and  proceeded  posteriori}^  to  the  end  of  the 
cytostome.  The  initial  wave  of  contraction  ot  the  undulating  mem- 
brane was  verj'  large,  for  at  times  the  membrane  was  pushed  out- 
ward from  the  cytostome  3  to  4  microns.  The  amplitude  of  this 
first  wave  of  contraction  diminished  as  the  wave  progressed  poste- 
riorly.    The  action  of  the  undulating  membrane  had  the  effect  of 

^  Gabel,  M.,  Zur  Pathogenitiit  der  Flagellaten,  Arch.  Protistenk.,  1914,  .xxxiv,  1. 
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reaching  out  into  the  surrounding  medium  and  literally  scooping 
the  bacteria  toward  the  cytostome.  In  this  way  food  was  brought 
in  reach  of  the  cytostome.  The  anterior  flagellum  which  beat 
backward  against  the  right  side  was  very  close  to  the  cytostome 
and  aided  materially  in  setting  up  a  current  in  the  medium  which 
helped  to  bring  the  food  in  proximity  to  the  cytostome 


Text-Fig.  4.  Chilomastix  mesnili,  dorsal  view,  stained. 
X  4,400. 


Taken  from  culture. 


The  cytostome  has  had  holdfast  properties  attributed  to  it  by 
Kofoid  and  Swezy.^  No  doubt  because  of  its  size  and  morphology 
it  may  serve  such  a  purpose,  but  in  the  study  of  the  flagellates  in  the 
cultures,  as  well  as  in  fecal  specimens,  the  posterior  spine  or  protuber- 
ance was  used  for  this  purpose  almost  entirely. 

When  the  flagellate  was  feeding,  it  inserted  this  posterior  spine 
into  a  mass  of  bacteria,  while  its  body  remained  free  from  any  encum- 
brance.    In  this  position  the  flagellate  anchored  itself  and  proceeded 
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to  rotate,  using  the  posterior  spine  as  the  holdfast  organ.  On  such 
occasions  one  could  watch  the  undulating  membrane  as  it  wafted 
bacteria  into  the  cytostome.  Not  all  the  bacteria  which  were  taken 
into  the  cytostome  were  ingested,  for  many  of  them  could  be  seen 
escaping  in  a  current  in  the  medium  directed  away  from  the  cytostome. 
It  is  very  likely  that  the  flagellate  exercised  a  selective  sense  in  the 
choice  of  its  food. 

The  finer  details  of  morphology  have  been  described  by  Kofoid 
and  Swezy.'  They  have  shown  Chilomaslix  mesnili  to  possess  an 
elaborate  neuromotor  apparatus.  The  author  has  been  able  to  verify 
the  finding  of  the  structures  described  by  these  workers,  but  because 
the  finer  morphological  structures  which  only  become  apparent  in 
properly  prepared,  stained  specimens  have  received  a  full  description 
by  the  above  investigators,  brief  reference  is  made  to  them  in  this 
paper. 

The  nucleus  is  round  and  possesses  a  distinct  membrane  (Text- 
fig.  4).  It  is  located  near  the  anterior  border  of  the  body  to  the 
left  of,  and  dorsal  to  the  cytostome.  The  chromatin  may  be  distrib- 
uted in  a  variety  of  ways,  but  it  is  often  in  the  form  of  two  terminal 
masses  lodged  against  the  nuclear  membrane  with  a  small  eccentri- 
cally placed  karyosome,  or  broken  up  into  chromidia  distributed  dif- 
fusely throughout  the  nucleus.  The  chromatin  was  also  resolved  into 
a  definite  spireme  strand,  which  in  some  forms  had  later  segmented  to 
form  chromosomes. 

A  very  small  centrosome  is  located  at  the  anterior  pole  of  the 
nucleus  (Text-fig.  4).  It  is  often  concealed  by  a  larger  chromatin- 
staining  mass,  the  blepharoplast  complex.  As  Chalmers  and  Pek- 
kola,'  and  Kofoid  and  Swezy^  have  shown,  there  are  three  blepharo- 
plasts  which  are  only  seen  as  separate  granules  in  well  decolorized 
preparations.  The  primary  blepharoplast  lies  closest  and  anterior 
to  the  nucleus.  It  gives  origin  to  the  pair  of  anterior  flagella  which 
beat  backward  against  the  left  side  of  the  body.  The  secondary 
blepharoplast  lies  farther  to  the  right  side  and  gives  rise  to  the  right 
anterior  flagellimi.  Kofoid  and  Swezy^  found  that  this  secondary 
blepharoplast  also  gives  rise  to  the  parastyle,  a  slender,  slightly 
curved  rod,  which  extends  posteriorly  in  the  left  wall  of  the  cyto- 
stome.    The  tertiary  blepharoplast  lies  at  the  anterior  end  of  the 
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cytostome  and  gives  rise  to  the  cytostomal  flagellum,  the  peristomal 
fiber,  and  the  parabasal.  All  the  blepharoplasts  are  joined  together 
in  series  with  the  centrosome  and  often  with  the  anterior  terminal 
mass  of  chromatin  of  the  nucleus  by  fine  rhizoplasts.  In  many  forms 
the  primary  and  secondary  blepharoplasts  are  fused  into  a  single 
large  granule  located  against  the  nuclear  membrane  at  the  anterior 
pole  of  the  nucleus  (Text-fig.  4).  This  double  blepharoplast  by 
virtue  of  its  position  often  obscures  the  centrosome. 

The  peristomal  fiber  borders  the  inner  free  edge  of  the  membranous 
lip  of  the  cytostome.  It  is  a  fine  fibril  originating  from  the  tertiary 
blepharoplast.  The  cytostomal  flagellum  when  in  action  appears  to 
adhere  to  the  inner  portion  of  this  loose  membranous  lip  to  form  an 
undulating  membrane  within  the  cytostome,  or  oral  pouch.  That 
this  is  the  case  is  evidenced  by  the  location  of  the  cytostomal  flagellum 
lying  along  the  side  of,  and  adhering  to  the  inner  portion  of  this  lip  in 
many  stained  specimens.  Furthermore,  in  moribund  flagellates  it 
is  the  inner  portion  of  the  lip  which  is  seen  to  push  out  for  a  great 
distance  to  begin  a  wave  of  contraction  which  lessens  and  dies  out  as 
the  contraction  moves  posteriorly.  In  other  cases  the  cytostomal 
flagellum  may  be  seen  to  lie  on  the  floor  of  the  cytostome  (Text-fig.  4) 
or  at  times  just  under  the  inner  portion  of  the  peristomal  fiber. 

The  parabasal  is  a  large  chromatin-staining  rod  extending  from  the 
tertiary  blepharoplast  along  the  right  side  and  around  the  posterior 
end  of  the  cytostome.  In  some  forms  it  appears  to  surround  com- 
pletely the  cytostome.  However,  Kofoid  and  Swezy^  found  that  in 
such  cases,  if  the  preparations  have  been  weU  destained,  this  rod 
is  not  continuous  but  is  composed  of  two  elements,  the  parabasal, 
extending  from  the  tertiary  blepharoplast  along  the  right  side  and 
around  the  posterior  end  of  the  cytostome,  and  another  rod,  the 
parastyle,  arising  from  the  secondary  blepharoplast  and  extending 
along  the  left  side  of  the  cytostome  to  within  a  very  short  distance 
of  the  posterior  end  of  the  parabasal.  Chahners  and  Pekkola' 
believed  the  parabasal  was  a  continuous  rod  arising  from  the  secondary 
blepharoplast  and  returning  to  it  after  it  had  run  a  circuitous  course 
around  the  cytostome. 

Kofoid  and  Swezy^  have  shown  the  homology  which  exists  between 
the  peristomal  fiber  and  parastyle  of  Chilomaslix  mesnili  with  the 


156  CHILOMASTIX  MESNILI 

peristomal  fiber  and  the  right  axostyle  of  the  right  half  of  Giardia. 
There  is  good  morphological  evidence  to  draw  a  homology  between 
the  peristomal  fibers  of  Chilomastix  and  Giardia,  and  likewise  between 
the  parastyle  of  the  former  with  the  right  axostyle  of  the  latter  organ- 
ism, but  there  remains  the  problem  of  finding  a  homologue  in  Giardia 
for  the  parabasal  of  Chilomastix.  It  is  more  than  likely  that  the 
parabasals  of  Giardia  differ  so  much  in  structure  and  chemical  consti- 
tution that  they  cannot  be  considered  homologues  of  the  parabasal 
of  Chilomastix.  On  the  other  hand,  Chalmers  and  Pekkola'  showed 
the  parabasal  of  Chilomastix  to  be  homologous  to  the  parabasal  of 
Trichomonas,  since  in  both  these  organisms  this  rod  has  the  same 
morphological  relation  to  the  undulating  membrane.  In  view  of 
these  relations  existing  between  the  structures  of  Chilomastix,  Tricho- 
monas, and  Giardia,  Chilomastix  may  be  said  to  occupy  a  position 
midway  between  the  trichomonad  flagellates  and  members  of  the 
genus  Giardia.  Chilomastix  may  have  resulted  as  an  offshoot  from 
the  trichomonad  flagellates,  and,  as  Kofoid  and  Swezy'  have  pointed 
out,  it  may  be  the  form  from  which  Giardia  and  other  Hexamitidae 
have  originated. 

Cysts. — The  cysts  of  Chilomastix  mesnili  are  usually  found  in  varj'- 
ing  numbers  along  with  the  active  flageUates.  However,  they  may 
be  entirely  absent  from  a  fecal  specimen  containing  an  abundance 
of  motile  organisms.  This  fact  is  e\ddence  of  encystment  being 
an  irregular  if  not  a  cyclic  process  dependent  perhaps  on  many 
causes.  Wenyon  and  O'Connor,*  in  the  case  of  a  patient  undergoing 
treatment  for  Entamoeba  histolytica,  record  the  absence  of  the  cysts 
of  Chilomastix  for  20  days;  the  flagellates,  however,  were  present  on 
13  days  of  this  period.  In  the  fecal  samples  received  for  examination 
once  or  twice  each  week  since  January,  1920,  the  cysts  have  been 
absent  on  only  a  few  occasions. 

The  cysts  are  usually  somewhat  lemon-shaped,  with  one  end 
rounded  and  the  other  end  terminating  in  a  slight  protuberance 
(Text-fig.  5).  Occasionally  they  are  ovoid  and  lack  the  terminal 
process.  In  size,  the  cysts  measure  4.5  to  6  microns  in  width  and 
7.6  to  9  microns  in  length.  Wenyon  and  O'Connor*  record  cysts 
with  a  length  of  10  microns. 
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The  wall  of  the  cyst  is  transparent  and  of  uniform  thickness  except 
in  the  vicinity  of  the  terminal  elevation  where  it  is  thicker  than  at 
other  places. 

The  cytoplasm  within  the  wall  of  unstained  cysts  is  refractile  and 
structureless  except  for  the  presence  of  a  few  bright  spots.  With 
favorable  lighting  facilities  for  the  microscope,  a  dull  brownish  area  can 
be  seen  which  is  the  nucleus.  There  is  a  space  between  the  cytoplasm 
and  the  cyst  wall  immediately  back  of  the  terminal  protuberance. 

In  stained  specimens,  the  cytoplasm  appears  to  be  very  finely 
granulated.  At  one  side  toward  the  anterior  end  is  a  large  round  or 
ovoid  nucleus.  The  chromatin  is  often  distributed  in  the  form  of  one 
large  karyosome  with  accessory  chromatin  matter,  or  as  a  central 


Text-Fig.  5.     Chilomastix  mesnili  cyst,  stained.     X  4,400. 

karyosome  with  one  or  two  terminal  masses,  or  broken  up  into  chromo- 
somes. Kofoid  and  Swezy^  have  described  in  detail  the  mitosis  which 
takes  place  within  the  cyst.  These  investigators  were  the  first  to 
find  cysts  containing  two  nuclei  and  two  sets  of  neuromotor  apparatus. 
The  karyosome  of  the  nucleus  is  often  connected  by  a  rhizoplast  with 
the  centrosome  on  the  nuclear  membrane  at  the  anterior  pole  of  the 
nucleus.  The  centrosome  is  in  turn  connected  with  the  blepharo- 
plasts  by  fine  rhizoplasts  (Text-fig.  5).  In  many  cysts,  as  in  the 
case  of  the  motile  flagellates,  the  distinct  entity  of  all  three  ble- 
pharoplasts  cannot  be  made  out,  only  two  masses  being  apparent. 
The  primary  and  secondary  blepharoplasts  have  become  united  into 
a  single  large  granule.  The  tertiary  blepharoplast  remains  separate 
at  the  anterior  end  of  the  cytostome. 
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The  entire  structure  of  the  neuromotor  apparatus  of  the  motile 
organism  is  preserved  and  carried  over  into  the  cyst.  It  is  possible 
in  properly  stained  specimens  to  locate  the  peristomal  fiber,  the 
parabasal,  the  parastyle,  and  the  cytostomal  flagellum.  In  many 
cysts,  however,  some  members  of  this  fibrillar  apparatus  are  not 
discernible.  The  failure  to  see  these  structures  may  be  due  to 
imperfect  fixation  and  decolorization  after  staining  or  the  structures 
may  have  actually  disintegrated. 

Method  of  Culture. 

Medium. — Less  difficulty  was  experienced  in  culturing  Chilomastix 
mesnili  in  artificial  medium  than  was  anticipated.  There  were 
only  two  fundamental  substances  used  in  the  preparation  of  the 
culture  medium;  namely,  blood  serum  and  a  physiological  solu- 
tion. Three  kinds  of  blood  serum,  horse,  sheep,  and  himian,  were 
combined  with  varying  proportions  of  either  Ringer's  or  Locke's 
solution.  In  the  attempt  to  find  a  suitable  medium,  the  proportions 
of  blood  serum  and  the  physiological  solutions  were  varied  from  equal 
parts  of  both  to  one  part  of  blood  serum  and  two  to  seven  parts  of 
the  Ringer's  or  Locke's  solution.  But  after  trying  out  these  various 
combinations,  it  was  found  that  the  flagellates  grew  best  and  multi- 
plied in  number>  in  a  medium  containing  the  proportion  of  one  part 
of  human  blood  serum  to  four  parts  of  Locke's  solution.  There  were 
limited  growth  and  reproduction  in  a  medium  made  from  one  part  of 
either  horse  or  sheep  serum  to  four  parts  of  Locke's  or  Ringer's 
solution.  But  a  culture  medium  containing  Ringer's  solution  did 
not  give  as  satisfactory'  results  as  one  containing  Locke's  solution, 
and  human  serum  promoted  better  growth  than  either  the  sheep 
or  horse  senmi. 

The  human  serum'  comprised  the  unused  portions  of  the  samples 
sent  in  to  the  laboratory  for  the  Wassermann  reaction.  Both  negative 
and  positive  sera  were  used,  and  they  were  equally  satisfactory. 

'  This  serum  was  received  in  a  sterUe  condition  from  the  Department  of  Bac- 
teriology of  the  Baltimore  City  Board  of  Health  through  the  kindness  of  Dr. 
William  R.  Stokes. 
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The  Locke's  solution  was  made  up  as  follows: 

Sodium  chloride • . .  q  .  9      em 

Calcium  chloride 0 .  024    " 

Potassium  chloride q  o42    " 

Sodium  bicarbonate 0 .  02      " 

Distilled  HaO 100.00    cc. 

To  this  solution  0.25  gni.  of  dextrose  was  added,  and  it  was  then 
sterilized.     After  the  sterilization  of  the  Locke's  solution  the  human 
serum  was  mixed  with  it  in  the  proportion  given  above,  care  being 
taken  to  prevent  any  contamination  of  the  resulting  medium.     The 
culture  medium  was  distributed  in  5  cc.  amounts  in  small  test-tubes  and 
these  were  incubated  at  37°C.  over  night  and  examined  the  next 
morning.     The  tubes  which  showed  any  evidence  of  bacterial  growth 
were  discarded.     The  medium  generally  had  a  clear  cream-colored 
appearance  unless  blood  cells  were  present  in  the  blood  serum,  in  which 
case  the  medium  was  reddish  in  color  until  the  blood  cells  sank  to  the 
bottom  of  the  tube.     If  in  the  samples  of  blood  a  slight  amount  of 
hemolysis  had  taken  place,  the  serum  was  tinted  red  by  the  hemoglobin. 
Culture  medium  containing  either  red  blood  cells  or  hemoglobin  as  the 
result  of  the  hemolysis  of  the  cells  did  not  prevent  the  growth  and 
propagation  of  the  flagellates  but  at  times  it  appeared  more  favorable 
for  their  growth  than  culture  medium  devoid  of  these  substances. 
The  reaction  of  several  batches  of  the  culture  medium  varied  from 
neutral  to  0.4  per  cent  alkaline  to  phenolphthalem.     A  reaction  of  0.2 
per  cent  alkaline  usually  resulted  from  the  mixture  of  the  human 
blood  serum  and  Locke's  solution. 

Technique. —It  was  found  advisable  to  wash  a  small  portion  of  the 
stool  containing  the  flagellates  before  inoculating  the  culture  medium, 
in  order  to  get  rid  of  a  superabundance  of  bacteria,  fecal  debris,  and 
products  of  chemical  decomposition  which  in  the  beginning  might 
prove  inhibitory  to  the  growth  of  the  organisms  in  artificial  medium. 
Accordingly  a  loop  of  fecal  material  containing  numerous  flagellates 
was  washed  by  stirring  it  in  with  about  2  cc.  of  warm  sterile  normal 
saline  solution  and  then  taking  a  couple  of  drops  of  this  suspension 
containing  the  flagellates  and  mixing  it  with  another  small  amount  of 
normal  saline  solution.     This  procedure  was  followed  a  third  time 
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if  it  was  found  that  the  second  resulting  suspension  was  very  turbid 
from  the  presence  of  much  fecal  detritus  and  numerous  bacteria.  A 
couple  of  drops  from  each  of  the  above  suspensions  were  inoculated 
into  each  of  several  tubes  of  culture  medium  and  incubated  at  37°C. 

On  the  following  day  the  tubes  were  examined.  Some  showed  an 
absence  of  flagellates;  others  showed  the  presence  of  Chilomaslix 
but  in  small  numbers.  Transplants  were  made  from  the  positive 
cultures  by  transposing  several  loops  of  medium  containing  the 
flagellates.  On  the  2nd  day  after  the  original  inoculation  the  positive 
tubes  showed  an  increase  in  the  number  of  organisms.  Their  number 
was  increased  even  more  the  following  day,  at  which  time  more 
transplants  were  made.  The  first  inoculation  was  begun  on  January 
27,  1920,  and  transplants  were  made  at  various  intervals.  The 
flagellates  were  kept  in  this  artificial  medium  from  the  above  date 
to  June  15,  1920,  when  an  accident  to  the  heating  device  of  the 
incubator  caused  the  temperature  to  rise  to  80°C.,  which  killed  the 
flagellates. 

Other  attempts  to  grow  Chilomaslix  taken  from  the  feces  in  the 
Locke-human  serum  medium  have  proved  successful  and  have 
demonstrated  the  favorableness  of  this  artificial  medium  as  a  habitat 
for  these  parasitic  flagellates  of  man. 

Growth  in  Cultures. 

Period  oj  Lag. — The  life  of  a  culture,  as  denoted  by  the  presence 
of  living  flagellates,  varied  in  length  from  2  to  10  days.  The  average 
length  of  life  for  each  culture  was  about  6  to  8  days. 

The  transplants  from  old  to  new  cultures  were  usually  made  in  the 
morning.  Such  inoculations  into  new  cultures  always  carried  over 
numerous  flagellates  and  bacteria  from  the  old  culture.  Little  or 
no  growth  was  noticeable  during  the  early  hours  of  incubation  of  the 
new  cultures.  A  period  of  lag,  similar,  perhaps,  except  in  length,  to 
the  lag  phase  in  fresh  cultures  of  bacteria,  apparently  characterized 
the  growth  of  the  flagellates  during  the  early  hours  of  the  life  of  a 
culture.  The  evidence  for  a  lag  phase  in  the  growth  of  these  protozoa 
in  cultures  was  obtained  from  the  observation  of  cultures  at  frequent 
intervals  during  the  first  22  hours  of  incubation. 
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A  culture  of  Chilomastix  which  was  transplanted  at  9  a.m.  and  kept 
in  the  incubator  at  37°C.  was  observed  hourly  throughout  the  same 
day  and  night  up  to  7  a.m.  of  the  following  day.  Likewise  vaseline 
preparations  on  depression  glass  slides  were  inoculated  at  the  same 
time  as  the  above  culture  and  observed  at  the  same  intervals.  Several 
loops  of  the  culture  were  withdrawn  for  observation  at  each  interval 
of  an  hour.  The  vaseline  preparations  permitted  observation  of 
their  entire  contents,  since  these  preparations  had  been  made  upon 
glass  slides  which  were  easily  manipulated  upon  the  stage  of  the 
microscope. 

The  first  signs  of  dividing  organisms  were  noticed  at  10  p.m.  and 
the  flagellates  were  scarce  in  number.  At  midnight,  15  hours  after 
inoculation,  the  dividing  forms  were  encountered  more  frequently, 
and  dividing  flagellates  were  in  eiidence  at  all  subsequent  exami- 
nations. The  number  of  dividing  forms  seen  during  any  one  obser- 
vation never  exceeded  six,  but  in  view  of  the  small  volvune  of  several 
loops  of  medium  taken  for  each  observation,  the  rate  of  reproduction 
was  high.  The  period  of  lag,  in  the  case  of  this  particular  culture, 
was  from  9  a.m.  untU  10  p.m.,  or  13  hours  in  length.  During  this 
period  of  lag  it  is  more  than  probable  that  multiplication  of  the 
organisms  was  going  on,  but  the  organisms  were  so  few  in  number 
that  they  were  missed  in  the  small  sample  of  medium  taken  for 
observation.  In  \dew  of  this  circumstance  it  cannot  be  definitely 
concluded  that  the  period  of  lag  is  13  hours  in  length,  for  with  more- 
experiments  it  may  be  found  to  vary  considerably. 

Presence  of  Bacteria. — During  the  1st  day  in  the  life  of  a  culture, 
much  gas  was  produced  by  the  bacteria.  A  slight  scum  appeared  on 
the  surface  of  the  medium  and  small  bacterial  clumps  were  present 
at  the  bottom  of  -the  culture.  The  scum  became  thicker  and  the 
precipitation  of  bacteria  forming  cliunps  became  greater  during  the 
subsequent  days  of  growth  in  the  cultures. 

Most  of  the  bacteria  present  in  the  cultures  were  identified  and 
were  chiefly  members  of  the  colon-typhoid  group.  The  bacteria 
identified  were  Bacillus  coli  communis,  Bacillus  coli  communior, 
Bacterium  aerogenes.  Bacillus  alkaligenes,  and  Bacillus  proleus.  Bacil- 
lus suUilis  was  found  in  a  few  cultures;  whether  or  not  it  promoted 
or  inhibited  the  growth  of  the   protozoa  was  not  determined.     It 
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was  not  present  in  early  cultures  and  no  transplants  were  made  from 
cultures  containing  this  bacillus. 

At  the  death  of  a  culture,  when  all  the  flagellates  had  disappeared, 
the  reaction  of  the  medium  had  been  changed  by  the  activities  of 
the  bacteria.  The  reaction  at  the  end  was  always  more  strongly 
alkaline.  One  would  expect  that  the  presence  of  Bacillus  coli,  Bacte- 
rmm  aerogenes,  and  Bacillus  prolciis  would  produce  a  sufficient  quantity 
of  acid  by  the  fermentation  of  the  dextrose  in  the  medium  to  turn 
the  alkaline  reaction  of  the  medium  in  the  beginning,  to  acid,  8  days 
later.  The  gas  present  in  the  cultures  during  the  first  few  days  after 
inoculation  was  the  result  of  the  fermentative  action  of  Bacillus 
coli,  Bacillus  proteus,  and  Bacterium  aerogenes.  During  this  time  it  is 
probable,  for  it  was  not  determined,  that  the  reaction  might  have 
been  slightly  acid,  but  the  effect  in  such  a  case  was  only  temporary 
as  the  reaction  had  become  alkaline  in  the  end.  The  increase  in 
alkalinity  might  have  been  due  to  the  presence  of  Bacillus  alkaligenes, 
for  it  was  found  that  this  organism  was  the  most  predominant  of  all 
the  bacteria,  as  evidenced  from  the  number  of  colonies  on  an  agar 
plate  planted  from  a  culture  in  which  all  the  flagellates  had  dis- 
appeared. 

Most  of  the  flagellates  were  found  feeding  upon  the  bacterial  clumps 
at  the  bottom  of  the  culture.  They  were  so  numerous  on  the  3rd 
or  4th  day  after  inoculation  of  the  cultures  that  they  often  appeared 
as  a  compact  mass,  with  their  bodies  touching  each  other  and  showing 
little  or  no  progressive  locomotion.  The  presence  of  most  of  the 
flagellates  at  the  bottom  of  the  culture  would  indicate  their  preference 
for  a  medium  in  which  the  oxygen  content  was  somewhat  reduced. 

Size  of  Flagellates. — The  size  of  the  flagellates  in  the  cultures  ranged 
from  3  to  18  microns  in  length  and  from  2  to  9  microns  in  width. 
During  the  first  3  or  4  days  when  the  flagellates  were  numerous,  there 
was  a  great  number  of  small  forms  measuring  from  3  to  8  microns  in 
length.  The  small  size  of  these  fonns  was  undoubtedly  due  to  the 
rapid  rate  of  reproduction  which  took  place  during  the  1st  day  espe- 
cially, and  later,  during  the  2nd,  3rd,  and  4th  days.  This  rapid  pro- 
liferation on  the  part  of  the  flagellates  did  not  permit  of  the  organisms 
reaching  their  full  growth  previous  to  another  di\ision.  Many  of  the 
small  forms  were  probably  the  products  of  multiple  fission.     Near 
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the  end  of  the  life  of  the  culture  when  the  number  of  flagellates  was 
small,  the  organisms  were  apparently  normal  in  size;  i.e.,  about  8 
to  14  microns  in  length. 

The  difference  in  the  average  size  of  the  flagellates  in  the  cultures 
and  those  obtained  directly  from  the  feces  was  due  apparently  to  a 
more  rapid  rate  of  multiplication  in  the  culture  than  in  the  intestine 
of  man.  The  factors  which  might  have  caused  this  great  rate  of 
reproduction  in  the  cultures  had  perhaps  a  better  opportunity  of 
influencing  the  growth  of  the  protozoa  in  the  test-tube  than  in  the 
intestine  of  man,  since  they  were  concentrated  into  a  smaller  area. 
And  furthermore,  they  accumulated  more  rapidly  in  the  cultures  than 
in  the  human  intestine  where  digestion  was  accomplishing  changes 
in  the  intestinal  medium  of  the  organisms. 

Cysts. — Thus  far,  no  cysts  have  been  found  in  any  of  the  cultures. 
Whether  encystment  was  inhibited  by  the  lack  or  presence  of  certain 
substances  in  the  mediimi  was  not  ascertained.  Skatole  has  been 
known  to  cause  encystment  of  amebfe,  but  as  yet  no  experiments 
have  been  made  with  the  use  of  this  product  of  protein  decomposition 
to  induce  the  encystment  of  Chilomastix. 

Rapidity  of  Growth. — A  detailed  study  made  on  five  different  cul- 
tures of  Chilomastix  furnished  data  as  regards  the  growth  and  multi- 
plication of  the  flagellates.  The  activities  of  the  flagellates  in  these 
cultures  were  not  unlike  those  in  all  the  cultures  made  of  Chilomastix. 

The  mmiber  of  flagellates  per  cubic  centimeter  of  culture  medium 
was  computed  for  each  day  during  the  lifetime  of  the  five  cultures. 
The  method  of  estimating  the  number  of  flageUates  per  cubic  centi- 
meter was  as  follows:  Each  culture  was  shaken  vigorously  for  1 
minute  previous  to  examination  in  order  to  distribute  the  organisms 
uniformly  throughout  the  medium.  Only  a  sufficient  amount  of 
the  medium  containing  the  flagellates  was  placed  in  the  coimting 
chamber  of  a  hemacytometer  to  prevent  an  overflow  into  the  moats 
of  the  chamber.  Immediately  before  placing  the  flagellates  in  the 
counting  chamber,  a  minute  drop  of  saturated  corrosive  sublimate 
solution  was  placed  on  the  floor  of  the  counting  chamber  and  mixed 
with  the  culture  medium  as  both  were  drawn  into  the  chamber  by 
capillary  attraction.  The  drop  of  saturated  corrosive  subhmate 
solution  was  used  to  kill  the  flagellates,  thus  preventing  their  moving 
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about  over  the  ruled  area  and  avoiding  more  than  one  count.  This 
minute  drop  of  corrosive  sublimate  solution  increased  the  percentage 
of  error  to  some  extent,  yet  the  total  count  of  organisms  per  cubic 
centimeter  as  determined  by  this  method  can  be  said  to  be  fairly 
representative  of  the  actual  number.  All  the  flagellates  were  counted 
which  were  found  lying  within  the  confines  of  the  total  ruled  area 
of  the  counting  chamber  and  by  simple  calculation  the  number  of 
flagellates  in  a  cubic  centimeter  was  computed. 

Each  of  the  five  cultures  containing  5  cc.  of  medium  with  a  reaction 
of  0.1  per  cent  alkaline  to  phcnolphthalcin  was  inoculated  on  May 
19,  1920.  Each  culture  was  inoculated  with  three  loops  of  medium 
from  another  culture  having  about  200,000  organisms  per  cubic  centi- 
nieter.  In  a  representative  loopful,  about  250  flagellates  were 
counted,  hence  it  follows  that  each  culture  received  about  750 
organisms,  or  about  150  flagellates  for  each  cubic  centimeter  of  the 
new  culture. 

The  number  of  organisms  per  cubic  centimeter  from  day  to  day  for  all  five  cul- 
tures is  given  in  Table  I.  The  per  cent  increase  in  the  number  of  flagellates  is 
also  given  for  each  day. 

On  the  following  day.  May  20,  there  was  evidence  of  the  great  fertility  of  these 
flagellates  in  the  great  increase  in  their  ntimber.  Culture  3,  which  contained 
such  a  scattering  of  organisms  that  they  were  too  scarce  to  be  counted  with  the 
hemacytometer,  was  an  exception;  but  it  behaved  similarly  on  the  following  day. 
This  latter  culture  showed  no  apparent  increase  in  the  number  of  flagellates  and 
in  all  probabihty  contained  few  more  than  the  original  number  inoculated.  Pro- 
liferation had  been  inhibited  or  delayed  for  a  period  of  1  day.  The  remarkable 
fecundity  of  these  flagellates  is  surprising  when  one  notices  in  Culture  2  an  increase 
in  the  number  of  flagellates  from  150  per  cubic  centimeter  to  26,666  per  cubic 
centimeter,  an  actual  increase  over  the  number  of  May  19  of  17,677.3  per  cent. 
Cultures  1,  4,  and  5  also  showed  remarkable  increases  in  the  number  of  flagel- 
lates, Culture  4  being  the  lowest  with  an  increase  of  5,405  flagellates,  or  3,603.3  per 
cent,  over  the  number  of  the  day  before.  As  has  been  said,  the  greatest  multi- 
plication takes  place  during  the  1st  day. 

On  the  next  day.  May  21,  the  per  cent  of  increase  in  the  number  of  flagellates 
had  fallen  for  Cultures  1,  2,  4,  and  5,  although  the  per  cent  increase  for  Culture 
4  was  about  the  same  as  that  of  May  20.  Culture  3  showed  a  large  increase  from 
about  150  to  11,111  flagellates  per  cubic  centimeter,  an  increase  of  7,307.3  per  cent. 
Culture  5  had  the  largest  number  of  organisms  per  cubic  centimeter,  which  was 
about  277,777.     Culture  2  followed  closely. 
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On  May  22,  the  per  cent  increase  in  the  number  of  organisms  dropped  again 
for  all  the  cultures  including  Culture  3.  3  days  after  inoculation  the  maximum 
number  of  llagellates  per  cubic  centimeter  was  reached  in  Cultures  2  and  5  which 
was  702,222  and  725,555  respectively.  Culture  3  showed  a  much  larger  number 
than  the  day  before,  increasing  from  11,111  to  293,333  flagellates  per  cubic  centi- 
meter, an  increase  of  2,540  per  cent. 

On  May  23,  Cultures  2  and  5,  having  reached  the  maximum  number  of  flagel- 
lates per  cubic  centimeter  on  the  previous  day,  now  showed  a  marked  decrease 
per  cubic  centimeter  of  402,222  flagellates  (57.2  per  cent)  for  Culture  2,  and 
360,000  flagellates  (49.6  per  cent)  for  Culture  5.  4  days  after  inoculation.  Cul- 
tures 1,3,  and  4  contained  the  largest  number  of  flagellates  per  cubic  centimeter, 
although  the  number  of  flagellates  for  each  culture  was  considerably  less  than 
the  number  attained  in  Cultures  2  and  5  on  the  day  before.  Also  the  per  cent 
increase  in  the  number  of  organisms  for  Cultures  1 ,  3,  and  4  was  comparatively 
low. 

On  the  next  day,  May  24,  Cultures  1,3,  and  4  first  began  to  show  a  decrease  in 
the  number  of  flagellates,  but  the  decrease,  ranging  from  2.7  to  17  per  cent  was 
much  smaller  than  the  initial  per  cent  decrease  of  Cultures  2  and  5  on  the  pre- 
vious day.  And  on  this  day.  Culture  2  continued  to  decline  in  its  number  of  flag- 
ellates but  Culture  5  showed  evidenceof  some  increase, for  it  gained  from  365,555 
to  401,111  flageOates  per  cubic  centimeter.  Nevertheless,  it  still  showed  a  44.7 
per  cent  reduction  from  the  ma.Tdmum  number  of  organisms  of  May  22. 

On  May  25,  all  the  cultures  showed  a  greater  falling  off  in  the  number  of 
flagellates  from  the  day  before,  and  Culture  5  no  longer  contained  flagellates. 
A  drop  of  401,111  flagellates  per  cubic  centimeter  to  none  at  all  had  occurred  in 
the  24  hour  interval  between  examinations. 

On  May  26,  Cultures  2  and  4  were  also  found  to  contain  no  flagellates,  while 
Cultures  1  and  3  had  suffered  a  tremendous  loss.  The  decrease  was  88.7  and  90.8 
per  cent,  respectively.  These  large  decreases  in  the  number  of  flagellates  and 
the  per  cent  were  forewarning  that  the  organisms  would  not  be  found  aUve  much 
longer,  and  on  the  next  day,  INIay  27,  aU  had  disappeared. 

From  the  study  of  these  five  cultures,  it  was  seen,  as  it  had  been 
noticed  in  all  previous  cultures,  that  the  period  of  the  greatest  rate 
of  proliferation  took  place  during  the  1st  day  and  that  the  greatest 
nimiber  of  flagellates  was  to  be  found  in  the  cultures  on  the  3rd  or 
4th  day.  Rarely  a  second  phase  of  multiplication  occurred,  and 
when  present  it  usually  came  on  the  5th  day  when  a  marked  decrease 
in  the  number  of  organisms  had  already  taken  place  on  the  day  before. 
Culture  5  showed  evidence  of  this  behavior.  The  rate  of  increase  in 
the  number  of  flagellates  decreased  after  the  1st  day,  becoming  less 
and  less  up  to  the  3rd  or  4th  day.    Then  a  decrease  in  the  number  of 
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flagellates  occurred,  which  ended  in  their  disappearance  on  the  6th, 
7th,  or  Sth  day.  The  rate  of  increase  and  decrease  in  the  riumber 
of  organisms  \aried  for  each  culture,  although  they  were  somewhat 
similar,  in  that  one  could  expect  an  increase  during  the  early  days 
in  the  life  of  a  culture  and  a  decrease  after  the  3rd  or  4th  day.  In 
some  instances  the  rates  in  per  cent  of  increase  and  decrease  were 
similar  for  different  cultures.  The  death  and  disappearance  of  all 
the  organisms  on  the  last  day  were  sudden,  thousands  of  flagellates 
per  cubic  centimeter  being  destroyed  within  a  single  day. 

Food. — The  food  of  Chilomastix  was  comprised  chiefly  of  bacteria 
although  the  mineral  salts  of  the  Locke's  solution,  the  proteins  of  the 
blood  serum,  and  the  sugar  may  also  have  served  to  some  extent  as 
food  and  a  source  of  energy.  But  one  cannot  observe  the  flagellates 
using  the  latter  substances  as  food  as  they  do  the  bacteria  in  the 
medium.  When  the  bacteria  are  ingested  they  may  be  seen  within 
the  food  vacuoles  of  the  cytoplasm.  The  process  of  ingestion  has 
been  described  above. 

It  is  probable  tliat  the  presence  of  the  bacteria  whether  they  were 
for  the  purpose  of  food  or  not  may  explain  in  part  some  of  the  more 
important  questions  concerned  with  the  life  of  the  flagellates  in  the 
cultures. 

Fertility  and  Death  of  the  Flagellates. — No  definite  evidence  has  been 
uncovered  as  yet  to  explain  the  great  fertility  of  the  flagellates  during 
the  1st  day  in  a  new  culture  but  certain  tlieoretical  conclusions  war- 
rant consideration.  It  has  already  been  said  that  a  period  of  lag 
preceded  the  period  of  excessive  and  rapid  multiplication.  This 
lag  period,  as  yet,  has  not  had  its  length  of  time  determined,  although 
the  first  di\iding  flagellates  were  found  13  hours  after  the  inoculation 
of  the  cultures. 

In  the  growth  of  bacteria  a  period  of  lag  has  been  known  for  some 
time  past.  Lately,  Salter^  working  with  Bacillus  coli  communis 
showed  that  the  length  of  this  period  was  from  3  to  8  hours,  depending 
upon  the  medium  used  and  the  age  of  the  original  culture  from  which 
subcultures  were  made.     It  is  probable  that  the  period  of  lag  of 

'  Salter,  R.  C,  Observations  on  tlie  rate  of  growth  of  B.  coli,  J.  Infect.  Dis., 
1919,  xxiv,  260. 
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Bacillus  coli  communis  is  similar  in  length  to  the  period  of  lag  for 
other  members  of  the  colon-typhoid  group  in  favorable  media. 

The  bacteria  present  in  the  cultures  of  Chilomaslix  belong  chiefly 
to  the  colon-typhoid  group.  Since  some  of  these  bacteria  were  used 
as  food,  the  food  supply  of  the  flagellates  was  scarce  during  the  lag 
phase  of  the  growth  of  the  bacteria.  This  scarcity  of  food  supply 
might  have  been  in  part  responsible  for  the  period  of  lag  in  the  growth 
of  the  flagellates  when  little  or  no  multiplication  occurred.  The 
bacteria  passing  through  the  lag  phase  then  entered  upon  a  period 
of  great  multiplication.  Within  several  hours  the  bacteria  increased 
in  number  from  a  few  hundred  to  many  milUon.  This  great  number 
of  bacteria  in  the  cultures  furnished  adequate  food  for  the  flagellates, 
and  it  seems  only  natural  that  the  period  of  great  fertility  of  the 
flagellates  should  now  follow  in  the  presence  of  this  food  supply. 

Chemical  decomposition  products  of  bacterial  metaboUsm  have 
been  forming  in  the  cultures  which  have  probably  altered  the  culture 
medium  in  such  a  way  as  to  make  it  most  favorable  for  the  growth  of 
the  protozoa.  Because  of  these  circumstances,  it  is  very  likely  that 
the  period  of  great  fecundity  of  the  flageUates  was  dependent  to  some 
extent  upon  the  previous  period  of  rapid  multipUcation  of  the  bacteria, 
by  \'irtue  of  which  the  culture  medium  was  rendered  favorable 
for  the  growth  of  the  protozoa  and  an  abundant  food  supply  was 
obtained. 

Table  I  shows  that  the  rate  of  increase  of  the  flagellates  in  the 
cultures  began  to  decline  after  the  1st  day.  From  the  3rd  or  4th 
day  on,  the  flagellates  decreased  in  number  and  in  most  cases  all  had 
disappeared  from  the  cxiltures  on  the  6th,  7th,  or  8th  day.  This 
characteristic  increase  and  decrease  in  the  number  of  flagellates 
after  the  1st  day  might  also  have  been  due  to  the  metabolic  relations 
existing  between  the  protozoa  and  the  bacteria,  as  appears  to  have 
been  the  case  in  the  explanation  of  the  great  fecundity  of  the  flagel- 
lates on  the  1st  day. 

The  chemical  products  of  decomposition  brought  about  by  the 
metabolic  activities  of  the  bacteria  accimiulated  rapidly  during  the 
first  24  hours,  during  which  time  the  rate  of  multiplication  of  the 
bacteria  was  at  its  height.  The  amount  of  the  chemical  substances 
produced  within  this  time  was  just  sufficient  to  alter  the  medium 
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to  the  point  where  it  was  most  favorable  to  the  proliferation  of  the 
protozoa.  Following  the  period  of  rapid  reproduction  of  the  bacteria, 
their  rate  of  multiplication  was  slower  and  more  or  less  constant; 
nevertheless,  the  chemical  products  were  being  formed  and  accumu- 
lated, but  at  a  slower  rate.  Furthennore,  mortality  among  the 
bacteria  occurs  at  a  slow  rate  in  the  early  life  of  a  culture  but  increases 
with  the  age  of  the  culture.  So  in  the  culture  of  Chilomastix,  as 
the  death  rate  of  the  bacteria  increased,  the  decomposition  of  their 
bodies  produced  other  substances  in  the  medium  which  might  have 
been  detrimental  to  the  life  of  the  flagellates. 

Just  as  a  minimum  amount  of  these  products  of  decomposition 
might  have  served  to  make  the  culture  medium  favorable  for  the 
rapid  multiplication  of  the  flagellates  during  the  1st  day,  so,  through 
their  accumulation  from  day  to  day,  an  excess  of  these  substances 
may  have  become  poisonous  and  thus  inhibited  the  proliferation  of 
the  flagellates  at  a  rapid  rate  after  the  1st  day.  If  this  were  the  case, 
the  continued  accumulation  of  these  now  poisonous  products  caused 
a  decrease  in  the  number  of  the  protozoa  after  the  3rd  day  and 
ultimately  brought  about  the  death  and  complete  disappearance 
of  the  flagellates  from  the  culture. 

Some  experiments  have  been  performed  upon  ameba?,  which,  with 
the  use  of  certain  products  of  protein  decomposition,  resulted  in  an 
increased  rate  of  ceU  division.  The  results  of  these  experiments 
appear  to  lend  evidence  in  support  of  the  above  theory  that  the 
chemical  products  of  protein  decomposition  promoted  the  prolifer- 
ation of  the  flagellates  when  present  in  small  amounts,  and  that  they 
became  poisonous  when  present  in  larger  amoimts.  The  action  of 
these  substances  as  found  in  the  experiments  upon  the  ameba  has 
well  defined  limits  within  which  ceU  di\ision  is  induced  at  a  rapid 
rate,  and  beyond  which  death  occurs. 

The  researches  of  Fantham'  on  Entamceba  coW^"  showed  that  tyrosine,  an 
aromatic  compound  and  a  product  of  protein  putrefaction,  when  present  to  the 

'  Fantham,  H.  B.,  On  the  amoebae  parasitic  in  the  human  intestine,  with 
remarks  on  the  life-cycle  of  Entamoeba  coli  in  cultures,  Ann.  Trap.  Med.  and 
Parasit.,  1919,  v,  HI. 

'"  Dobell  (Dobell,  C,  The  amoebae  hviiig  in  man,  London  and  New  York, 
1919)  beUeved  that  the  organism  which  Fantham  cultured  was  not  the  parasitic 
ameba,  Entamoeba  coli,  but  a  free  living  species. 
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extent  of  0.2  per  cent  in  the  culture  medium,  had  the  effect  of  shortening  the 
life  cycle,  increasing  the  number  of  generations  in  any  one  culture,  and  increasing 
the  frequency  of  binary  fission. 

Similarly  the  work  of  Cropper  and  Drew"  on  the  cysts  of  the  free  living  ameba, 
Amwba  ostrea,  showed  that  tyrosine  (3  per  cent)  caused  excystation  in  24  hours; 
the  free  forms  became  larger,  and  among  them  were  many  multinucleate  t>'pes. 
Choline,  a  member  of  the  amine  group  and  a  product  of  the  decomposition  of 
amino-acids,  showed  even  stronger  powers  in  inducing  cell  division  than  the 
tyrosine.  In  one  experiment  two  culture  slides,  A  and  B,  contained  equal  vol- 
umes of  0.2  |)er  cent  choline  in  distilled  water  and  distilled  water,  respectively. 
Upon  A  were  34  amebae  and  on  B,  26  amebx.  After  3  days  the  number  of  amebae 
on  A  had  increased  from  34  to  207  and  on  B  from  26  to  88.  These  investigators 
concluded  that  the  substances  "undoubtedly  in  certain  strengths  cause  great 
proliferation  of  amoeba:,"  but  also  that  when  a  certain  strength  of  these  substances 
is  exceeded  "the  amoebas  are  poisoned  and  multiplication  is  retarded." 

In  the  study  of  the  five  cultures  given  in  Table  I,  the  reaction  of 
the  medium  was  changed  from  0.1  per  cent  alkaline  to  phenolphthalein 
in  the  beginning,  to  0.3  per  cent  alkaline  at  the  end  when  all  the 
flagellates  had  disappeared.  The  question  arises  as  to  whether  or  not 
the  change  in  the  reaction  of  the  medivim  was  responsible  for  the 
death  of  the  flagellates.  The  change  in  the  reaction  may  have  been 
a  contributing  factor  in  the  death  of  the  flagellates,  but  at  this  time  it 
does  not  seem  fair  to  attach  too  much  importance  to  this  factor, 
because  the  flagellates  thrived  very  well  in  some  batches  of  medium 
with  an  initial  reaction  of  0.3  per  cent  alkaline  to  phenolphthalein 
which  became  more  alkaHne  at  the  death  of  the  culture.  In  view  of 
this  evidence  it  seems  more  probable  that  the  death  of  the  flagellates 
was  brought  about  through  the  poisonous  action  of  the  chemical 
decomposition  products  of  bacterial  metabolism  and  not  as  a  result 
of  a  change  of  the  reaction  of  the  culture  medium. 

In  view  of  this  theory,  the  persistent  character  of  infections  of  man 
by  Chilomasiix  may  be  explained  in  part.  "The  accumulation  of  the 
products  of  protein  decomposition  does  not  normally  occur  in  the 
intestine  of  man  since  the  act  of  defecation  carries  them  to  the  outside. 
The  disappearance  of  the  flagellates  from  the  stools  for  short  or  long 
intervals  might  be  explained  by  the  death  of  numerous  flagellates 

"  Cropper,  J.  W.,  and  Drew,  A.  H.,  Researches  into  induced  cell-reproduction 
in  ama'ba;,  London,  1914. 
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through  the  toxicity  of  the  substances  of  protein  decomposition, 
temporarily  accimiulated,  which  in  turn  have  altered  the  digestive 
tract  to  such  an  extent  as  to  make  it  an  unfavorable  habitat.  The 
removal  of  the  substances  would  bring  about  a  period  of  great  prolif- 
eration which  would  be  indicated  by  the  presence  of  the  flagellates 
in  the  stools  again. 

Reproduction  in  Cultures. 

No  detailed  account  of  the  methods  of  reproduction  of  Chilomastix 
mesnili  will  be  given  in  tliis  paper  because  of  tlie  inability  thus  far 
to  study  a  sufficient  number  of  stained  preparations.  It  is  hoped 
that  at  a  later  date  this  may  prove  possible.  The  observations  to 
be  recorded  at  this  time  were  made  chiefly  upon  living  organisms, 
as  the  di\ddLng  forms  were  encountered  during  tlie  examination  of 
the  cultures. 

Binary  Fission. — Binary  fission  was  the  type  of  cell  division  most 
often  encountered,  and  in  all  probability  it  was  the  chief  method  of 
multipHcation  in  the  cultures  after  the  1st  day.  In  the  early  stages 
of  binary  fission,  the  di\ading  flagellate  was  somewhat  ovoid  in  shape, 
devoid  of  bacteria  in  most  cases,  and  marked  by  the  absence  of  a 
posterior  protuberance.  The  first  stage  observed  indicated  an 
advanced  period  of  di\'ision,  for  two  nuclei  were  seen  as  bright  refrac- 
tile  areas  and  a  cytostome  was  present  on  either  side.  It  could  not 
be  definitely  determined  whether  a  double  set  of  anterior  flagella 
was  present  or  not,  but  there  appeared  to  be  a  cytostomal  flagellum 
for  each  oral  pouch. 

As  the  plasmotomy  of  the  cytoplasm  progressed,  it  was  noticed 
that  the  plane  of  division  was  median  and  longitudinal.  The  separa- 
tion of  the  two  daughter  flagellates  began  by  a  cleavage  of  the  cyto- 
plasm which  proceeded  antero'posteriorly.  The  di\'ision  was  appar- 
ently equal  for  both  resulting  organisms.  The  further  stages  in 
plasmotomy  were  aided  considerably  by  tlie  flagellar  action  of  the 
organisms.  The  resulting  daughter  organisms  tugged  in  opposite 
directions  and  the  terrific  lashing  activity  of  the  flagella  no  doubt 
served  to  separate  the  individuals.  Just  pre\ious  to  their  final 
separation,  the  two  daughter  flagellates  were  bound  togetlier  by  a 
fine,  terminal  strand  of  cytoplasm  composed  apparently  of  only  the 
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hyaline  periplast.  The  breaking  of  this  strand  set  the  organisms  at 
hberty,  while  the  resulting  portions  of  the  strand  became  the  posterior 
spine  for  each  flagellate.  In  one  instance,  approximately  35  minutes 
elapsed  between  the  stage  wherein  plasmotomy  had  just  begun  to 
the  final  separation  of  the  daughter  flagellates. 

From  some  stained  preparations,  there  was  noticed  the  formation 
of  chromosomes,  whose  number  appeared  to  be  four,  also  the  division 
of  the  centrosomes  with  the  formation  of  a  paradesmose.  The 
paradesmose  increased  in  length  during  the  separation  of  the  daughter 
nuclei.  No  study  has  been  made  of  the  different  phases  of  mitosis, 
but  the  observations  which  have  been  made  thus  far  have  been  in 
part  recorded  by  Chalmers  and  Pekkola.' 

Multiple  Fission.— Evidence  of  multiple  fission  was  also  noticed 
in  the  cultures  of  Chilomastix.  It  is  probable  that  this  method  of 
reproduction  was  the  one  most  often  resorted  to  during  the  1st  day, 
when  the  rate  of  multiplication  was  at  its  highest.  The  only  flagel- 
lates apparently  undergoing  multiple  fission  were  found  during  the 
first  22  hours  in  a  culture  which  had  been  observed  at  intervals  of 
an  hour  throughout  1  day  and  night  until  the  following  morning. 
Stained  preparations  were  made,  which  revealed  a  few  forms  possess- 
ing four  incomplete  sets  of  organella. 

In  the  li\dng  forms  undergoing  multiple  fission,  as  in  the  case  of 
binary  fission,  no  posterior  protuberance  was  xisible.  The  body  of 
the  flagellate  was  large  and  spherical,  in  one  instance  measuring  19 
microns  in  diameter.  These  forms  did  not  appear  to  contain  any 
bacteria,  but  the  cytoplasm  was  more  or  less  uniform  in  its  granular 
constitution.  The  organism  exhibited  distinct  ameboid  movements 
by  the  bulging  out  and  subsequent  withdrawal  of  considerable  areas 
of  its  body.  The  parts  of  the  body  which  were  so  pushed  out  were 
usually  equipped  with  flageUa  and  a  cytostome. 

The  body  of  the  flagellate  was  a  somatella  comprising  four  zooids. 
The  somatella  possessed  four  distinct  cytostomes  located  in  different 
sectors  of  the  body.  Each  cytostome  had  a  cytostomal  flagellum 
and  nearby  there  appeared  to  be  a  single  anterior  flageUum.  The 
nuclei  were  not  seen  in  the  li\ing  forms,  but  in  the  stained  preparations 
the  forms  undergoing  multiple  fission  possessed  four  nuclei.  The 
nuclei  were  located  in  dift'erent  sectors  also,  and  near  the  cytostome 
of  the  respective  sector. 
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Conjugation. — WTiether  or  not  other  observations  made  upon 
Chilomaslix  in  the  cultures  are  to  be  interpreted  as  probable  signs 
of  conjugation  can  only  be  determined  by  further  investigation.  It 
seems  advisable  to  record  the  observations  of  this  nature  made  thus 
far. 

It  was  noticed  in  the  cultures,  chiefly  in  those  which  were  only  1 
to  3  days  old,  that  some  of  the  flagellates  were  joined  together  in 
pairs.  But  while  in  this  position,  each  flagellate  was  very  actively 
beating  with  its  flagella,  and  the  manner  of  their  union  was  such  as 
even  to  permit  the  reversal  of  their  respective  positions.  In  the 
majority  of  these  cases  the  common  position  of  their  bodies  was 
such  that  their  anterior  ends  were  pointed  toward  the  same  direction, 
and  when  reversed  the  anterior  end  of  each  flagellate  would  point  in 
the  opposite  direction.  This  reversal  of  direction  occurred  for  only 
a  moment,  after  which  the  original  position  was  assimied  again.  Such 
forms  were  observed  for  a  long  time,  but  they  were  never  seen  to 
separate. 

At  present  in  the  absence  of  more  evidence  from  stained  prepara- 
tions one  cannot  attribute  any  syngamic  signiiicance  to  these  double 
forms,  since  no  actual  transfer  of  nuclear  substance  was  noticed.  The 
two  bodies  of  the  flagellates  in  union  did  not  apparently  fuse  together, 
for  a  line  marking  the  confines  of  the  cytoplasm  of  the  organisms 
was  always  visible  at  the  point  of  junction. 

It  must  be  stated,  too,  that  clumping  of  the  flagellates  also  took 
place  at  the  edge  of  the  cover-slip  preparation,  where  the  oxygen 
was  more  abundant.  It  does  not  seem,  however,  that  the  union  of 
flagellates  in  pairs  as  described  above  was  of  the  same  nature  as  the 
clumping  of  the  organisms  in  aggregates  of  a  dozen  and  more  in  the 
area  of  the  greatest  abundance  of  oxygen.  The  paired  forms  were 
often  seen  after  a  sample  had  been  taken  directly  from  the  cultures, 
at  which  time  no  clumping  of  the  flagellates  had  occurred  at  the  edge 
of  the  cover-slip. 

SUMMARY. 

1.  Cases  of  flagellate  infection  of  man  by  Chilomaslix  mesnili  have 
been  reported  from  nearly  every  locality  in  the  world.  They  are 
fairly  abundant  in  the  United  States  and  are  often  confused  with 
cases  of  infection  by  Trichomonas  intestinalis. 
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2.  The  shape  of  CInlomastix  is  pyriform.  The  body  contains  the 
following  structures:  nucleus,  centrosome,  primary,  secondary,  and 
tertiary  blepharoplasts,  parabasal,  parastyle,  peristomal  fiber,  ventral 
cytostome,  cytostomal  flagellum,  three  anterior  flagella,  food  vacuoles 
with  bacterial  inclusions,  and  a  posterior  spine-like  process,  the  hold- 
fast organ. 

3.  The  twisted  shape  in  some  flagellates  in  this  case  of  infection  is 
a  temporary  condition.  It  was  seen  in  flagellates  taken  from  the 
feces  of  the  patient  on  only  two  occasions  and  was  never  observed 
among  the  cultured  forms. 

4.  The  cysts  of  Chilomaslix  are  lemon-shaped  and  occurred  irregu- 
larly in  the  stools  of  the  patient.  They  have  not  been  encountered 
thus  far  in  the  cultures. 

5.  Chilomaslix  mesnili  was  cultured  continuously  from  January 
27  to  June  15,  1920,  in  an  artificial  medium  composed  of  one  part 
of  human  serum  and  four  parts  of  Locke's  solution  with  the  addition 
of  a  small  amount  of  dextrose. 

6.  Cultures  sometimes  remained  viable  for  a  period  of  1  to  10 
days,  but  generally  for  a  period  of  1  to  8  days. 

7.  The  flagellates  in  the  cultures  increased  in  number  during  the 
1st,  2nd,  3rd,  and  often  the  4th  days,  after  which  there  was  a  decrease 
until  all  had  disappeared. 

8.  A  period  of  lag,  probably  13  hours  in  length,  and  followed  by  a 
period  of  great  fecimdity,  characterized  the  growth  of  the  flagellates 
during  the  1st  day  in  the  cultures. 

9.  The  number  of  flagellates  in  the  cultures  varied  considerably 
and  often  reached  700,000  per  cubic  centimeter. 

10.  The  bacteria  served  in  part  as  the  food  of  the  flagellates.  The 
bacterial  organisms  identified  in  the  cultures  were  Bacillus  coli  com- 
munis, Bacillus  coli  commtmior,  Bacterium  aerogenes,  Bacillus  alkali- 
genes,  and  Bacillus  proteus.  The  proteins  of  the  blood  serum,  the 
mineral  salts,  and  the  dextrose  in  the  medium  may  also  have  proved 
a  source  of  food  for  the  protozoa. 

1 1 .  The  products  of  bacterial  metabolism,  resulting  from  the  growth 
of  the  bacteria,  their  fermentative  activity,  and  their  death  may 
explain  the  rate  of  growth,  reproduction,  and  death  of  the  flagellates 
in  the  cultures.    A  certain  amount  of  the  products  of  decomposition 
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together  with  the  presence  of  the  bacterial  food  supply  may  explain 
the  rapid  proliferation  of  the  flagellates  during  the  1st  day  and  the 
slower  rate  up  to  the  3rd  or  4th  day.  An  excess  of  these  products 
may  have  inhibited  the  growth  and  multiplication  of  the  protozoa, 
especially  after  the  3rd  or  4th  day,  and  ultimately  may  have  brought 
about  their  death  and  disappearance  from  the  cultures. 

12.  The  initial  alkahnity  of  the  medium  increased  at  the  death  of 
the  culture.  It  is  not  believed  that  the  change  in  alkalinity  proved 
lethal  to  the  protozoa. 

13.  Binary  fission  was  often  observed.  The  plane  of  division  was 
median  and  longitudinal.     A  paradesmose  was  formed. 

14.  Multiple  fission  also  occurred.  The  flagellate  body,  ameboid 
in  movement,  was  a  somateUa  comprised  of  four  zooids.  It  contained 
four  cytostomes,  each  with  a  cytostomal  flagellum.  The  number  of 
anterior  flageUa  was  not  complete  for  each  zooid. 

15.  Flagellates,  joined  in  pairs,  were  often  seen  during  the  first 
3  days  in  the  cultures.  They  may  represent  conjugating  forms,  but 
as  yet  no  evidence  of  the  exchange  of  nuclear  substance  has  been 
seen. 
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Since  the  time  of  modern  physiological  investigation,  two  theories  have  domi- 
nated our  conception  of  the  mechanism  of  renal  excretion.  Bowman  in  1842, 
basing  his  deductions  on  the  anatomical  structure  of  the  renal  unit,  suggested 
that  the  glomerulus  furnished  the  water  of  the  urine,  and  that  the  solid  substances 
were  added  to  it  by  the  activity  of  the  renal  cells  which  line  the  tubule.  The 
experimental  evidence  for  this  view  was  furnished  by  Heidenhain'  and  his  pupils 
in  a  long  series  of  investigations. 

2  years  later,  Ludwig-  advanced  his  theory  that  all  the  urinary  constituents 
were  derived  by  filtration  through  the  glomerulus,  the  ultimate  concentration  of 
the  urine  being  arrived  at  by  a  process  of  absorption  of  water  by  the  renal  tubule. 
Both  processes  were  held  to  be  purely  physical. 

The  various  modifications  which  have  been  offered  by  the  pupils  of  these 
two  schools  and  by  other  observers  are  innumerable.  The  most  recent  concept  is 
that  of  Cushny,^  and  is  termed  by  him  the  modern  theory.  While  neither  of  the 
original  theories  can  explain  the  mass  of  physiological  and  morphological  data 
that  has  accumulated  since  their  origin,  the  modern  theory  covers  in  a  much  more 
satisfactory  manner  our  present  knowledge. 

According  to  Cushny,  the  formation  of  the  urine  may  be  explained  by  two 
processes:  first,  a  purely  physical  filtration  through  the  glomerulus  of  all  the 
constituents  of  the  plasma  except  the  colloids;  and,  second,  a  resorption  from  this 
filtrate  by  the  vital  activity  of  the  epithelium  as  it  passes  down  the  tubule.  The 
former  process  furnishes  the  urinary  constituents,  the  latter  modifies  their  amounts 
so  that  they  correspond  to  those  of  the  completed  urine. 


'Heidenhain,  R.,  in  Hermann,  L.,  Handbuch  der  Physiologie,  Leipsic,  1883, 
V,  279. 

^Ludwig,  C,  Lehrbuch  der  Physiologie  des  Menschen,  Leipsic  and  Heidel- 
berg, 1861,  ii,  373. 

'  Cushny,  A.  R.,  The  secretion  of  the  urine,  London  and  New  York,  1917. 
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Water  is  obviously  the  substance  which  will  be  handled  in  greatest 
amount  by  both  filtration  and  absorption,  and  the  conception  of  such 
a  double  process  with  this  substance  furnishes  little  difficulty.  A 
complication  arises,  however,  when  the  solid  constituents  are  con- 
sidered, as  a  uniform  rate  of  absorption  will  not  explain  the  varying 
levels  of  concentration  that  the  different  solids  show  in  the  completed 
urine.  These  are  therefore  di\idcd  into  "threshold"  and  "non- 
threshold"  substances.  The  former  appear  in  the  urine  only  as  they 
exceed  a  certain  value  below  which  they  are  completely  absorbed. 
Sugar  and  the  chlorides  are  examples.  The  non-threshold  substances, 
on  the  other  hand,  are  found  in  the  urine  in  direct  proportion  to  their 
absolute  amounts  in  the  plasma,  as  they  are  not  absorbed.  Of  these, 
urea  and  sulfates  are  the  most  important.  The  urine  therefore  con- 
tains all  the  urea  of  the  glomerular  filtrate  and  none  of  the  sugar. 

TABLE   I. 

Amount  of  Filtrate  and  Absorbed  Fluid  Required  to  Form  1  Liter  of  Urine. 
Blood  urea  70  mg.  per  100  cc;  urine  urea  5.5  per  cent;  urine  1,000  cc. 


Urea. 

Water. 

Blood   

gm. 

0.07 
55.0 

0.0 
55.0 

cc, 

100 

Glomerular  filtrate 

78,500 

Amount  absorbed  bv  tubule                 .    .        .        

77,500 

1,000 

Table  I  shows  the  amount  of  filtrate  and  absorbed  fluid  which  would 
be  required  to  form  1  liter  of  urine  in  an  actually  obser\-ed  case  of 
high  urea  excretion.  The  figures  in  the  table  hold  only  in  case  the 
entire  urea  content  of  the  blood  is  available  for  filtration.  In  a  recent 
article  Cushnj'*  claims  that  as  the  urea  is  distributed  in  about  equal 
amount  between  the  plasma  and  the  corpuscles,  only  that  half  free  in 
the  plasma  can  pass  through  the  glomerular  filter.  In  this  case,  to 
obtain  the  55  gm.  found  in  the  urine,  twice  as  much  filtrate  would 
be  needed  as  is  shown  in  the  table;  157,000  cc.  of  filtrate  would  be 
formed,  of  which  156,000  cc.  would  be  absorbed. 

Such  a  mechanism,  though  perhaps  indirect,  will  nevertheless  ac- 
count for  those  alterations  which  would  be  required  to  convert  the 

^  Cushny,  A.  R.,  J.  Physiol,  1919-20,  liii,  391. 
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blood  plasma  to  urine  without  the  intervention  of  a  secretory  factor. 
The  completeness  with  which  the  various  experimental  and  clinical 
facts  are  covered  by  this  theory  is  well  shown  by  Cushny.^  Even 
changes  in  the  mitochondria  and  the  appearance  of  dyes  in  the  tubule 
cells,  which  Heidenhain  considers  morphological  evidence  of  a  secre- 
tory process,  may  be  equally  well  accounted  for  by  the  assumption  of 
a  \'ital  absorption  from  the  lumen  of  the  tubule.  This  also  applies 
to  the  demonstration  of  uric  acid  in  the  tubule  cells,  as  this  substance 
is  one  of  the  threshold  group,  and,  according  to  the  modern  theory, 
is  absorbed  from  the  lumen  of  the  tubule  during  concentration  of 
the  urine. 

Urea,  however,  is  a  non-threshold  substance  and,  if  demonstrated  in 
the  renal  cells,  cannot  be  explained  by  a  process  of  absorption  from  the 
lumen.  The  concentration  of  urea  in  the  glomerular  filtrate  must  be 
raised  to  that  of  the  urine,  and  this  could  be  done  slowly,  or  not  at 
all,  if  urea  was  absorbed  along  with  the  water. 

Urea  has  been  demonstrated  in  the  proximal  convoluted  tubule  by 
Leschke^  and  his  experiments  have  been  confirmed  by  the  writer.* 
The  method,  which  depends  on  the  formation  of  an  insoluble  com- 
pound between  urea  and  mercuric  nitrate,  may  be  criticized,  as  the 
resulting  reaction  is  not  so  distinctive  as  might  be  desired.  The  pro- 
toplasm of  all  cells  reacts  more  or  less,  though  always  less  than  that 
of  cells  of  the  pro.ximal  convoluted  tubules.  Whether  this  is  due  to 
the  delicacy  of  the  reaction,  for  Marshall  and  Davis'  have  shown  the 
widespread  distribution  of  urea  in  all  tissues,  or  to  a  lack  of  specifi- 
city, is  impossible  to  say.  The  quantitative  variation  in  the  degree 
of  the  reaction  in  the  cells  of  the  proximal  convoluted  tubule  depend- 
ing on  the  concentration  of  urea  in  the  secreted  urine  has  been  taken 
as  e\idence  of  its  specificity.^ 

Subsequently  a  new  qualitative  reagent  for  urea  has  been  described  by  Fosse.* 
This  is  xanthydrol 

0/^'"^\cH-0H 

'  Leschke,  E.,  Z.  hlin.  Med.,  1915,  kxxi,  14. 

«  OUver,  J.,  /.  Exp.  Med.,  1916,  xxiii,  301. 

'  Marshall,  E.  K.,  Jr.,  and  Davis,  D.  M.,  J.  Biol.  Chem.,  1914,  xviii,  53. 

'  Fosse,  R.,  Bull.  sc.  Pharmacol.,  1914,  xxi,  74,  502. 
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which  forms  with  urea  a  characteristic  crystalline  product 

o/^'^Nch-nh-co-nh-ch/^'"*> 

The  crystals  are  insoluble  in  acetic  acid  and  differ  in  this  way  from  the  compounds 
which  xanthydrol  forms  with  other  substances. 

Two  attempts  have  been  made  to  demonstrate  urea  in  the  tissues  with  this 
reagent.  PoUcard'  was  unable  to  find  the  crystals  in  any  of  the  injected  kidneys, 
though  they  were  present  in  the  lumina  of  the  collecting  tubules.  He  therefore 
concluded  that  urea  does  not  exist  in  a  free  form  in  the  kidney  cells,  but  that  it 
is  bound  in  some  intimate  combination  with  the  protoplasm.  Chevallier  and 
Chabanier,'"  however,  describe  the  typical  crystals  of  the  urea  compound  in  the 
cells  of  tlie  convoluted  tubules,  in  all  the  vessels  of  the  kidney,  and  in  the  lumina 
of  the  ducts  of  Bellini. 

The  importance  of  these  findings  with  regard  to  the  mechanism  of 
urea  excretion,  as  well  as  the  need  for  the  accurate  localization  of  the 
urea  in  the  various  parts  of  the  kidney,  is  obvious.  For  these  reasons 
the  experiments  have  been  repeated  with  certain  modifications. 

Technique. 

Reagents. — As  it  is  impossible  to  obtain  xanthydrol  in  the  market, 
it  was  prepared  in  the  following  manner. 

100  gm.  of  salol  are  heated  to  boiling  in  a  distillation  flask  and  the 
first  fluid  fraction,  consisting  largely  of  phenol,  of  35  to  40  gm.,  is 
discarded.     The  remaining  fraction,  xanthone, 

\c.h/ 

comes  over  and  condenses  in  the  form  of  long  needles.  These  are 
collected  and  heated  with  NaOH,  washed  free  of  alkali,  and  purified  bj^ 
recrystallization  from  alcohol. i'  The  xanthone  gives  a  bright  yellow 
color  with  a  light  blue  fluorescence  if  treated  with  concentrated  H2SO4. 
The  next  step  consists  in  the  reduction  of  xanthone  to  xanthydrol. 

0/^^'\C0  +  H,  -^  O  ^^'^\CH  •  OH 

\C6H4--'  ^CeH^/ 

'  Policard,  A.,  Compl.  rend.  Soc.  biol.,  1915,  Ixxviii,  32. 

'"  Chevallier,  P.,  and  Chabanier,  H.,  Compt.  rend.  Soc.  biol.,  1915,  Ixxviii,  689. 
"  Vanino,  L.,  Handbuch  der  priiparativen  Chemie,  Stuttgart,  1914,  ii,  512. 
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This  is  accomplished  by  boiling  in  a  reflux  condenser  10  gm.  of  xan- 
thone,  40  gm.  of  NaOH,  and  400  cc.  of  alcohol,  adding  from  time  to, 
time  a  pinch  of  zinc  dust  so  that  there  is  always  a  small  amount 
present.  The  process  is  continued  for  from  6  to  8  hours,  and  the  fluid 
then  poured  into  cold  water.  The  xanthydrol  comes  down  in  the  form 
of  fine  crystals  which  are  washed  and  dissolved  in  boihng  alcohol  and 
recrystallized  by  pouring  again  into  an  excess  of  water.'-  The  xanthy- 
drol gives  with  concentrated  H2SO4  a  bright  yellow  color  with  a  light 
green  fluorescence. 

The  mixture  used  for  the  injection  of  the  kidneys  was  made  up 
fresh  for  each  experiment,  as  follows:  2  gm.  of  xanthydrol  were  trit- 
urated with  10  to  15  cc.  of  methyl  alcohol,  and  20  cc.  of  glacial  acetic 
acid  were  added.  The  turbid  fluid  was  filtered  and  was  then  a  clear 
light  yellow.  If  added  to  water,  the  xanthydrol  comes  out  of  solution, 
and  the  same  precipitation  occurs  to  some  degree  in  the  tissues.  These 
crystals,  however,  are  soluble  in  alcohol,  and  their  disappearance  may 
be  easily  followed  as  the  specimen  passes  through  the  alcohols  during 
embedding  and  staining. 

Animals  Used. — Rats  were  used  for  the  experiments  as  their  kidneys 
require  less  reagent  than  those  of  larger  animals.  In  order  to  get  a 
satisfactory  concentration  of  urea  in  the  urine,  some  animals  were 
either  fed  a  mixture  of  lard  and  com  meal  containing  urea,  or  a  dilute 
solution  of  urea  was  injected  into  the  peritoneal  cavity.  Others 
were  injected  after  having  lived  on  a  normal  diet.  The  first  procedure 
was  preferred  as  more  nearly  approaching  physiological  conditions. 
The  animal  was  kiUed,  the  thorax  quickly  opened,  and  the  reagent 
injected  by  way  of  the  aorta.  The  injection  was  continued  until  the 
kidney  was  completely  fixed.  Thin  slices  were  made  and  placed  over 
night  in  95  per  cent  alcohol,  the  tissue  was  embedded  in  paraffin,  and 
sections  were  stained  with  hematoxylin. 

EXPERIMENTAL. 

If  a  rat  whose  kidney  is  excreting  urine  high  in  urea  concentration 
is  injected  with  the  xanthydrol  reagent,  the  organ  swells  somewhat 
and  turns  a  light  opaque  yeUow.     On  the  cut  surface  one  can  see 

"  Meyer,  R.,  and  Saul,  E..  Ber.  chcm.  Gcs.,  1893,  xxvi,  1276. 
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with  a  hand  lens  that  this  discoloration  is  due  to  the  presence  of 
innumerable  minute  crystals  scattered  throughout  the  cortex  and 
appearing  in  the  medulla  in  long  thin  stripes. 

Microscopic  examination  of  the  sections  shows  the  exact  location 
of  these  crystals.  They  lie  in  three  places:  in  the  blood  vessels,  in 
the  cells  of  certain  tubules,  and  in  the  lumina  of  the  tubules  (Figs.  1 
to  5). 

The  Intravascular  Crystals. 

In  all  parts  of  the  kidney  and  in  the  surrounding  tissues  (perirenal 
fat),  all  blood  vessels  contain  typical  crystals  (Figs.  1,  3,  and  5). 
These  are  in  the  form  of  fine,  pointed  needles,  varying  in  size  from  4 
to  50  M  in  length,  lying  either  singly  or  arranged  in  the  form  of  rosettes. 
On  account  of  the  arrangement  of  the  vessels,  the  crystals  appear  in 
the  medulla  in  long  rows  between  the  straight  tubules,  while  in  the 
tortuous  capillaries  of  the  cortex  they  are  more  irregularly  scattered. 
They  are  also  seen  in  the  capillaries  of  the  glomerular  loop  (Fig.  1). 

The  number  of  crystals  in  the  individual  cross-sections  varies 
greatly;  some  are  empty,  others  completely  filled.  This  irregular  dis- 
tribution is  evidently  due  to  the  current  of  the  injection  fluid  which 
carries  the  crystals  with  it. 

The  Intracellular  Crystals. 

Crj'stals  contained  in  cells  are  found  only  in  the  cortex,  where  the 
thick  epithelium  of  the  proximal  convoluted  tubule  is  iilled  with  them 
(Fig.  1).  They  lie  in  all  parts  of  the  cell,  near  the  membrana  propria, 
in  the  region  of  the  nucleus,  or  just  beneath  the  brush  border  (Fig.  2). 
They  are  smaller  than  those  seen  in  the  blood,  and  when  arranged  in 
rosettes  are  more  or  less  deformed.  Their  characteristic  structure  is 
nevertheless  evident. 

The  number  of  crystals  in  the  tubule  cells  gradually  decreases  so 
that  the  terminal  spiral  portions  of  the  proximal  tubule  show  definitely 
fewer  crystals  than  the  cross-sections  which  lie  in  the  proximity  of 
the  glomerulus. 

The  other  divisions  of  the  renal  tubule  practically  never  show  intra- 
cellular crystals.  This  contrast  is  not  so  evident  in  the  cortex,  where 
the  great  majority  of  the  cross-sections  are  of  the  proximal  convoluted 
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tubule,  but  at  the  Junction  of  the  outer  and  inner  stripes  of  the  outer 
zone  of  the  medulla  it  is  striking.  Here  the  large  spiral  terminal  por- 
tions of  the  proximal  convoluted  tubules,  situated  in  the  outer  stripe, 
end  suddenly  to  form  the  line  of  demarcation  from  the  inner  stripe, 
which  contains  the  broad  ascending  limbs  of  Henle's  loop.  The  former 
contain  the  crystals  in  moderate  number,  while  the  latter  do  not  show 
them  (Fig.  3). 

Tlie  Crystals  in  the  Lumen  of  the  Tubule. 

The  lumen  of  the  entire  renal  unit,  from  the  capsular  space  to  the 
large  ducts  of  Bellini,  contain  the  crystals,  which  resemble  in  their 
long  needle  shape  those  seen  in  the  blood.  The  increase  in  number 
and  in  the  size  of  the  rosettes  toward  the  end  of  the  tubule  is  striking. 

In  Bowman's  space  the  crj-^stals  are  comparatively  small  and  infre- 
quent (Fig.  1).  Beginning  in  the  lumen  of  the  proximal  convoluted 
tubule,  however,  there  is  a  definite  increase  in  their  number,  which 
becomes  even  greater  in  the  narrow  descending  limb  of  Henle's  loop 
(Fig.  4) .  The  sections^  of  the  small  collecting  tubules  in  the  cortex 
show  an  added  increase  (Figs.  1  and  3),  while  in  the  tenninal  ducts  of 
Bellini  relatively  large  rosettes  are  seen  (Fig.  5). 

As  in  the  case  of  the  blood  vessels,  not  every  cross-section  of  a  tub- 
ule shows  an  equal  amount  of  crystals.  In  those  regions  where  the 
urine  is  comparatively  dilute,  as  in  the  proximal  convoluted  tubules, 
many  are  empty.  This  may  be  explained  by  the  fact  that  a  volume 
of  urine  produces  a  relatively  much  smaller  volume  of  crystalline  prod- 
uct, so  that  as  the  urea  is  condensed  in  crystalline  form,  it  leaves  the 
surounding  areas  free.  A  single  rosette  of  crystals  may  thus  represent 
the  urea  from  a  considerable  length  of  tubule. 

Demonstration  of  Urea  Crystals  in  Other  Tissues. 

As  a  control,  the  livers  of  certain  of  the  animals  were  injected  with 
the  reagent.  Here  the  hepatic  vessels  contained  the  crystals  in  the 
same  amount  as  those  of  the  kidney;  the  hepatic  cells,  however,  did 
not  show  them. 
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DISCUSSION. 


The  interpretation  of  the  above  findings  is  greatly  aided  by  our 
accurate  knowledge  of  the  distribution  of  urea  in  the  body.  It  has 
been  shown  that  all  the  tissues  except  the  fat  contain  urea  in  the 
same  concentration  as  that  found  in  the  blood,  the  kidney  alone 
exceeding  this  amount  (Marshall  and  Davis'). 

From  this  it  follows  that  the  concentration  of  urea  in  the  cells  of 
the  pro.ximal  convoluted  tubules,  which  show  the  crystals  of  urea, 
must  be  higher  than  that  of  the  blood,  as  in  the  liver  and  the  other 
tubules  of  the  kidney,  where  the  concentration  is  equal  to  that  of 
the  blood,  there  is  no  reaction. 

There  is  therefore  a  certain  threshold  below  which  the  reaction  does 
not  take  place  in  the  protoplasm.  The  deformity  and  small  size  of 
the  intracellular  crystals  is  further  evidence  of  this  embarrassment  to 
the  reaction.  This  threshold  lies  somewhere  above  the  concentration 
of  urea  in  the  blood,  and  is  only  reached  in  the  proximal  convoluted 
tubule. 

The  question  now  arises  as  to  whether  the  source  of  this  excess  urea 
is  the  lumen  of  the  tubule  (absorption)  or  the  blood  (excretion). 

Any  theory  concerning  the  mechanism  of  urea  excretion  should 
explain  the  great  rise  in  urea  concentration  of  the  urine  as  contrasted 
with  that  of  the  blood.  By  a  process  of  absorption  this  can  only  be 
accomplished  if  the  other  constitutents  of  the  urine  (water)  are  ab- 
sorbed and  the  urea  is  left  behind,  and  such  an  assumption  is  made 
by  the  modern  theory.  Urea  would  not,  therefore,  be  found  in  a 
higher  concentration  in  the  cells  of  the  tubule  than  in  the  blood. 

The  excretion  of  urea,  on  the  other  hand,  will  raise  the  concentra- 
tion in  the  urine,  and  the  high  concentration  in  the  cells  would  be 
expected.  Our  demonstration  of  such  a  high  concentration  can  there- 
fore only  be  explained  by  the  assumption  of  an  excretion  of  urea  from 
the  blood  into  the  lumen  of  the  tubules. 

That  absorption  of  water  without  absorption  of  urea  takes  place, 
however,  is  shown  by  the  increased  concentration  of  urea  in  the  urine 
as  the  tubule  is  descended  so  that  large  rosettes  of  crystals  are  seen 
in  the  ducts  of  Bellini  but  none  in  the  epithelium  (Fig.  5). 


JEAN   OLIVER  185 

The  mechanism  of  urea  excretion  may  be  simimarized  as  follows: 
Urea  passes  through  the  glomerular  capsule  in  the  same  concentration 
as  that  found  in  the  plasma.  A  certain  amount  is  added  to  this  fil- 
trate by  excretion  through  the  cells  of  the  proximal  convoluted  tubule, 
and  the  ultimate  concentration  is  reached  by  an  absorption  of  water 
in  the  remainder  of  the  tubule. 

Such  a  modification  will  not  affect  the  fundaments  of  the  modem 
theory,  as  Cushny  states  that  "it  may  be  necessary  to  supplement 
what  I  have  termed  the  modern  view  with  an  active  secretion  in  the 
tubules."" 

CONCLUSIONS. 

1.  Urea  is  present  in  the  cells  of  the  proximal  convoluted  tubule  in 
a  concentration  higher  than  that  of  the  blood  or  than  that  of  the  cells 
of  any  of  the  other  kidney  tubules. 

2.  Such  a  condition  can  only  be  reconciled  to  an  assumption 
of  an  active  secretion  (excretion)  on  the  part  of  these  cells. 

3.  Urea  also  passes  through  the  glomerular  filter  with  the  other 
crystalloids  of  the  blood  plasma. 

4.  The  final  concentration  of  urea  is  due  to  the  above  mentioned 
secretion  by  the  proximal  convoluted  tubule,  and  to  the  absorption  of 
water  in  other  parts  of  the  tubule. 

EXPLANATION   OF    PLATES. 

Drawings  made  with  the  aid  of  a  camera  lucida.  Bausch  and  Lomb  ocular  1, 
objective  h 

Plate  8. 

Fig.  1.  Rat  1.  2  cc.  of  5  per  cent  urea  intraperitoneally;  killed  1  hour  later. 
A  glomerulus  is  shown  with  several  sections  of  the  pro.ximal  convoluted  tubule 
and  one  of  a  collecting  tubule.  Crystals  of  urea-.xanthydrol  are  seen  in  the 
vessels  near  the  glomerulus,  in  the  loops  of  the  capillary  tuft,  in  the  space  of  Bow- 
man's capsule,  and  in  greater  number  in  the  cells  of  the  pro.ximal  convoluted  tu- 
bule.   The  lumen  of  the  collecting  tubule  also  contains  some  rosettes  of  crystals. 

Fig.  2.  Rat  1.  Higher  magnification  of  one  of  the  proximal  convoluted 
tubules.  Small  rosettes  of  crystals  are  seen  scattered  throughout  the  epithehal 
cells.  There  are  some  crystals  in  the  vessels.  Bausch  and  Lomb  ocular  1 ,  objec- 
tive t"i. 

"  Cushny,'  p.  52. 
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Fig.  3.  Rat  2.  Same  as  Rat  1.  The  junction  of  the  inner  and  outer  stripes 
of  the  outer  zone  of  the  medulla  is  shown.  Above,  the  larger  terminal  ends  of  the 
proximal  convoluted  tubules  containing  crystals  in  their  cells,  and  in  one  case  a 
rosette  of  crystals  in  the  lumen.  Below,  the  smaller  ascending  Umbs  of  Henle's 
loop  which  contain  no  crystals.  Scattered  crystals  and  rosettes  are  seen  in  the 
intertubular  capillaries  and  in  the  collecting  tubule  at  the  left. 

Plate  9. 

Fig.  4.  Rat  3.  Fed  a  mixture  of  urea  (10  per  cent),  corn  meal,  and  lard  for 
3  days;  killed  and  injected.  The  tubules  represented  were  situated  in  the  inner 
stripe  of  the  outer  zone  of  the  medulla.  Four  ascending  limbs  of  Henle's  loop 
are  shown  surrounding  the  loop  proper  which  is  formed  by  the  narrow  limb  of 
the  tubule  in  this  case.     Its  lumen  contains  many  crystals. 

The  loop  shown  in  this  figure  is  one  of  the  short  type  described  by  Peter,'*  in 
which  the  bend  lies  close  to  the  end  of  the  proximal  convoluted  tubule.  There 
could  have  been,  therefore,  little  opportunity  for  the  absorption  of  water  to  pro- 
duce the  relatively  high  concentration  of  urea  as  indicated  by  the  mass  of 
crystals. 

Fig.  5.  Rat  4.  Rat  on  normal  diet,  no  urea  given.  Margin  of  the  papilla 
of  the  medulla.  Three  large  ducts  of  Bellini  are  shown,  their  lumina  filled  with 
huge  rosettes  of  crystals.  Scattered  rosettes  are  also  seen  in  the  pelvis,  and  a  few 
in  the  intertubular  capillaries. 

"  Peter,  K.,  Untersuchungen  iiber  Bau  und  Entwickelung  der  Niere,  Jena, 
1909. 
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IMMUNOLOGICAL  DISTINCTIONS  OF  ENCEPHALITIS 
AND  POLIOMYELITIS. 

By  HAROLD  L.  AMOSS,  M.D. 
{From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  August  26,  1920.) 

In  the  course  of  the  many  discussions  of  encephalitis  lethargica 
which  have  followed  the  pandemic  of  that  unusual  disease,  the  ques- 
tion of  its  relation  to  epidemic  poliomyelitis  has  been  raised  either 
incidentally  or  directly.  Von  Economo,'  who  reported  the  first 
Austrian  cases,  beKeved  that  poliomyeUtis  could  be  excluded,  while 
Draper,^  who  studied  the  residual  pareses  in  some  of  the  cases  in 
the  English  outbreak  of  1918,  concluded  that  many  of  them  were 
true  cases  of  pohomyelitis;  however,  he  called  attention  to  certain 
phenomena  distinctly  unusual  in  experiences  with  poliomyelitis  and 
left  open  the  question  as  to  whether  in  the  whole  group  there  existed 
a  subsection  representing  a  new  disease.  Crookshank,^  in  discussing 
the  epidemiology,  has  expressed  the  view  that  poliomyelitis,  lethargic 
encephalitis,  and  possibly  still  other  paralytic  epidemic  affections, 
may  be  different  manifestations  of  one  etiologically  simple  malady. 

There  are  grave  objections  to  the  confusion  of  the  etiolog}'  of 
poliomyelitis  and  lethargic  encephalitis.  The  divergent  clinical 
manifestations  have  been  more  marked  as  the  epidemic  outbreak 
of  lethargic  encephahtis  has  endured  and  become  more  widely  distrib- 
uted. The  great  difference  in  the  communicabiUty  of  this  affection 
as  compared  with  pohomyelitis  is  another  point  of  capital  distinction. 
Apparently  the  seasonal  variation  in  the  prevalence,  namely  the 
occurrence  of  pohomyelitis  in  the  summer  and  autumn  months  and 

'  von  Economo,  C,  Wien.  klin.  Woch.,  1917,  xxx,  581. 

^  Draper,  G.,  Rep.  Local  Gov.  Bd.  Pub.  Health  and  Med.  Subjects,  New  Series, 
No.  121,  1918,  62. 

'  Crookshank,  F.  G.,  Boston  Med.  and  Surg.  J.,  1920,  clx.xxii,  34. 
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of  lethargic  encephalitis  in  the  winter  and  spring  months  is  no  longer 
so  sharp.  Netter"  has  reported  summer  cases  of  the  latter  malady 
in  Paris.  Moreover,  from  information  furnished  by  the  Department 
of  Health  of  the  City  of  New  York  and  the  statistics  in  the  Public 
Health  Reports  of  the  United  States  Public  Health  Service  it  appears  that  a 
similar  extension  of  the  period  of  prevalence  is  occurring  in  the  United 
States. 

There  is  one  means  of  distinguishing  epidemic  poliomyelitis  and 
lethargic  encephahtis  which  has  not  yet  been  apphed.  It  relates  to 
the  point  whether  the  serum  of  convalescent  cases  of  lethargic  enceph- 
alitis can  neutralize  the  virus  of  poliomyelitis.  This  fact  is  readily 
determined  experimentally  by  the  method  described  by  Amoss  and 
Eberson.'  The  principle  of  the  test  Hes  in  the  power  of  a  neutralizing 
serum,  when  administered  intraspinally,  to  prevent  the  development 
of  poUomyelitis  in  the  monkey  following  the  intravenous  injection 
of  a  large  dose  of  the  virus. 

EXPERIMENTAL. 

The  blood  seriun  of  four  cases  of  lethargic  encephalitis  was  used 
in  the  test,  one  from  a  patient  convalescent  in  the  5th  week  of  the 
disease,  the  second  in  the  4th  month,  the  third  in  the  5th  month, 
and  the  fourth  15  months  after  the. attack.  The  tests  were  controlled 
by  two  experiments  in  which  the  same  procedure  was  followed,  except 
that  one  monkey  received  intraspinal  injections  of  normal  human 
serum  and  the  other  intraspinal  injections  of  poUomyeUtic  serum 
from  a  monkey  which  had  had  experimental  poHomyeHtis  9  months 
before  and  recovered  with  residual  paralyses. 

The  virus  of  poliomyelitis  used  came  from  a  strain  which  had  been 
passed  from  monkey  to  monkey  many  times  during  the  past  9  years 
and  which,  between  passages,  had  been  preserved  in  50  per  cent 
glycerol  in  the  ice  box.  Before  starting  the  tests  this  ^d^us  was 
passed  through  three  normal  monkeys  in  order  to  determine  its 
\irulence.     The  certain  infecting  dose  for   intracerebral   injection' 

^  Netter,  A.,  Bull,  et  mem.  Soc.  mM.  hop.  Paris,  1920,  xliv,  series  3,  1030. 
5  Amoss,  H.  L.,  and  Eberson,  F.,  /.  Exp.  Med.,  1918,  xxvii,  309. 
'  All  intracerebral  inoculations  were  made  under  ether  anesthesia. 
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was  found  to  be  0.25  cc.  of  a  Berkefeld  filtrate  of  a  5  per  cent  suspen- 
sion of  the  nervous  tissues  containing  tlie  virus. 

The  infecting  power  of  the  virus  when  given  intravenously  is  shown 
in  the  following  preliminary  experiment. 

A  monkey  received  at  5  p.m.  an  intraspinal  injection  of  2  cc.  of  normal  horse 
serum.  The  following  morning  50  cc.  of  a  5  per  cent  suspension  of  fresh  virus 
were  given  intravenously.  S  days  later  the  animal  was  weak  in  both  legs  and 
excited.  Both  arms  were  paralyzed  on  the  6th  day  and  the  monkey  died  on  the 
7th  day. 

Autopsy. — Microscopic  lesions  of  experimental  poliomyeUtis  were  found. 

In  making  suspensions  for  intravenous  injections  the  tissues  used 
must  be  fresh.  Accordingly,  a  monkey  prostrate  from  an  intra- 
cerebral injection  of  0.5  cc.  of  a  suspension  of  the  virus  6  days  before, 
was  killed  with  ether  and  autopsied  at  once.  A  5  per  cent  suspen- 
sion of  the  cord  and  medulla  was  prepared  for  immediate  injection. 

Series  1. 

Experiment  1. — Macacus  rhesus  A.  Normal  human  serum  control.  Mar.  11, 
1920,  5.50  p.m.  Injected  intraspinally  2  cc.  of  fresh  normal  human  serum. 
Mar.  12,  2.30  p.m.  Injected  intravenously  SO  cc.  of  a  5  per  cent  suspension  of 
fresh  poliomyeUtis  nervous  tissue.  2.50  p.m.  Intraspinal  injection  of  2  cc.  of 
fresh  normal  human  serum.  The  intraspinal  injection  of  2  cc.  of  normal  human 
serum  was  repeated  daily  for  3  days.  Mar.  18.  Excited;  slight  head  tremor  and 
left  facial  paralysis.    Mar.  19.    Prostrate.    Mar.  20.    Etherized  when  moribund. 

Autopsy. — Microscopic  lesions  of  experimental  poliomyelitis. 

Experiment  2. — Macacus  rhesus  B.  Immune  poliomyeUtic  serum.  Mar.  11, 
1920,  6  p.m.  Injected  intraspinally  2  cc.  of  serum  from  a  monkey  which  had 
had  experimental  poUomyelitis  9  months  before  and  had  recovered  with  residual 
paralyses.  Mar.  12,  3  p.m.  Injected  intravenously  50  cc.  of  virus  suspension. 
3.25  p.m.  Intraspinal  injection  of  2  cc.  of  poUomyelitic  inmiune  monkey  serum. 
The  intraspinal  injections  of  2  cc.  of  immune  monkey  serum  were  repeated  daily 
for  3  days.    The  monkey  remained  well. 

Experiment  3. — Macacus  rhesus  C.  Serum  from  convalescent  case  of  lethargic 
encephalitis.  Mar.  11, 1920,  6.05  p.m.  Injected  intraspinally  2  cc.  of  serum  from 
Case  1,  age  31  years,  who  was  in  the  5th  week  of  well  defined  lethargic  encepha- 
litis with  general  disturbance  of  the  functions  of  the  central  nervous  system  and 
involvement  of  third  and  seventh  cranial  nerves.  Mar.  12,  3.30  p.m.  Intra- 
venous injection  of  50  cc.  of  virus  suspension.    3.55  p.m.    Intraspinal  injection 
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of  2  cc.  of  encephalitis  serum  from  Case  1.  The  intraspinal  injection  of  the 
encephalitic  serum  was  repeated  daily  for  3  days.  Mar.  17.  Animal  slow  and 
weak.    Mar.  18.     Found  dead  at  9  a.m. 

Autopsy. — Microscopic  lesions  of  experimental  poliomyelitis. 

Experiment  4. — Macacus  rhesus  D.  Serum  from  convalescent  case  of  leth- 
argic encephalitis.  Mar.  11,  1920,  6.10  p.m.  Injected  intraspinally  2  cc.  of 
serum  from  Case  2,  age  34  years,  3  months  after  definite  attack  of  lethargic 
encephalitis  in  which  there  was  general  disturbance  of  the  function  of  the  cen- 
tral nervous  system,  involving  the  third  and  seventh  cranial  nerves  and  spinal 
motor  roots.  Mar.  12,  4  p.m.  Intravenous  injection  of  50  cc.  of  virus  suspen- 
sion. 5  p.m.  Injected  intraspinally  2  cc.  of  convalescent  encephalitis  serum 
from  Case  2.  The  intraspinal  injection  of  2  cc.  of  encephalitic  serum  was  repeated 
daily  for  3  days.  Mar.  18.  E.xcited  and  ataxic.  Mar.  19.  Prostrate.  Mar. 
20.    Etherized  when  moribund. 

Autopsy. — Microscopic  lesions  of  experimental  poliomyelitis. 

Series  2. 

The  second  series  of  tests  carried  out  at  a  different  time  was  con- 
trolled by  an  experiment  in  which  normal  human  serum  was  used 
for  the  intraspinal  injections  as  in  Experiment  1 .  The  procedure  in 
this  series  was  the  same  as  in  Series  1 ,  except  that  normal  horse  senmi 
was  used  for  the  preparatory  intraspinal  injection  given  the  day 
before  the  intravenous  injection  of  virus.  The  same  strain  of  \-irus 
employed  in  Series  1  was  again  tested  for  infecting  power  and  used 
in  this  series. 

Experiment  5. — Macacus  rhesus  E.  Normal  human  serum  control.  May  18, 
1920,  4.10  p.m.  Injected  intraspinally  2  cc.  of  normal  horse  serum.  May  19, 
12  m.  Intravenous  injection  of  50  cc.  of  virus  suspension.  12.25  p.m.  In- 
jected intraspinally  2  cc.  of  normal  human  serum.  The  intraspinal  injection  of 
normal  human  serum  was  repeated  daily  for  3  days.  May  23.  Monkey  ex- 
cited; both  legs  weak.  May  24.  Complete  paralysis  of  both  legs  and  right 
facial  paralysis.    May  25.    Died. 

Autopsy. — Microscopic  lesions  of  experimental  poliomyelitis. 

Experiment  6. — Macacus  rhesus  F.  Serum  from  case  of  lethargic  encephalitis. 
May  18,  1920,  4  p.m.  Injected  intraspinally  2  cc.  of  normal  horse  serum.  May 
19,  11.30  a.m.  Intravenous  injection  of  SO  cc.  of  was  suspension.  11.55  a.m. 
Intraspinal  injection  of  2  cc.  of  serum  from  Case  3,  age  28  years,  taken  4i  months 
after  acute  onset  of  lethargic  encephalitis.  The  patient's  illness  began  with  dizzi- 
ness, disturbance  of  vision,  vomiting  and  fever,  and  he  gradually  became  stupor- 
ous. Later  paralyses  referable  to  the  seventh  and  spinal  ner\'es  appeared.  The 
intraspinal  injection  into  the  monkey  of  the  convalescent  serum  was  repeated 
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daily  for  3  days.  ^May  26.  Monkey  had  paralysis  of  both  arms  and  shoulder 
muscles.    May  27.    Died. 

Autopsy. — Microscopic  lesions  of  experimental  poliomyelitis. 

Experimen!  7 . — Macacics  rhesus  G.  Serum  from  case  of  lethargic  encephalitis. 
May  18,  1920,  4.20  p.m.  Injected  intraspinally  2  cc.  of  normal  horse  serum. 
May  19,  11  a.m.  Intravenous  injection  of  50  cc.  of  virus  suspension.  11.25 
a.m.  Injected  intraspinally  2  cc.  of  serum  from  Case  4,  age  24  years,  who  had 
developed  lethargic  encephalitis  15  months  before  and  was  still  under  observa- 
tion with  residual  ptosis  and  partial  paralysis  of  left  side  of  face  and  left  leg. 
The  intraspinal  injection  into  the  monkey  of  the  convalescent  encephalitis  serum 
was  repeated  daily  for  3  days.  May  24.  Monkey  had  double  ptosis.  May  25. 
Shoulder  muscles  paralyzed;  arms  and  legs  very  weak;  head  tremor;  animal  almost 
prostrate.     May  26.    Died. 

Autopsy. — Microscopic  lesions  of  experimental  poliomyelitis. 

CONCLUSIONS. 

Lethargic  encephalitis  is  an  epidemic  disease,  the  main  manifesta- 
tions of  which  relate  to  injury  inflicted  upon  the  central  nervous 
system  and  in  particular  the  basal  gangha  of  the  brain. 

PoHomyeUtis  is  an  epidemic  disease,  the  main  manifestations  of 
which  relate  to  injury  inflicted  upon  the  central  nervous  system  and 
in  particular  the  gray  matter  of  the  spinal  cord  and  medulla  oblongata. 

At  the  outset  of  the  epidemic  of  lethargic  encephalitis  the  two 
diseases  tend  to  prevail  at  distinct  and  different  seasons  of  the  year, 
although  recently  cases  of  epidemic  encephalitis  have  arisen  in  the 
midsummer  months.  The  two  maladies  therefore  are  perhaps  less 
distinguished  by  seasonal  prevalence  tlian  has  been  supposed. 

They  are,  however,  distinguished  by  great  differences  in  com- 
municability  to  monkeys.  Epidemic  pohomyelitis  is  readily  trans- 
mitted through  inoculation  of  the  affected  central  nervous  tissues  of 
man  to  monkeys,  while  it  may  still  be  regarded  as  doubtful  whether 
lethargic  encephalitis  has  been  communicated  to  monkeys  in  this 
manner. 

As  the  experiments  reported  in  this  paper  show,  the  two  diseases 
can  be  distinguished  through  the  power  of  blood  serum  imder  certain 
circumstances  to  neutralize  the  virus  of  poliomyehtis.  The  blood 
serum  of  convalescent  cases  of  poliomyelitis  whether  in  man  or  monkey 
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possesses  this  neutralizing  power,  while  the  blood  serum  of  recently 
convalescent  cases  of  epidemic  encephaUtis  is  devoid  of  it. 

On  the  basis  of  the  distinguishing  characters  described,  it  is  regarded 
as  desirable  at  the  present  time  to  hold  epidemic  poliomyelitis  and 
epidemic  encephalitis  as  integrally  distinct  affections.  The  latter 
also  may  be  infectious,  yet  the  main  lesions  of  poliomj'elitis  are 
present  in  the  spinal  cord,  and  of  epidemic  encephalitis  in  the  mid- 
brain. 


THERAPEUTIC  ACTION  OF  N-PHENYLGLYCINEAMIDE-/'- 
ARSONIC  ACID   (TRYPARSAMIDE)   UPON  EXPERI- 
MENTAL INFECTIONS  OF  TRYPANOSOMA 
RHODESIENSE. 

By  LOUISE  PEARCE,  M.D.,  and  WADE  H.  BROWN,  M.D. 
(From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research) 

(Received  for  publication,  October  13,  1920.) 

In  a  series  of  papers  published  in  November,  1919  (1),  we  reported 
results  which  had  been  obtained  from  the  treatment  of  various  forms 
of  experimental  trypanosomiasis  with  iV-phenylglycineamide-/'-arsonic 
acid,  or  trj^parsamide.  The  results  were  such  as  to  indicate  that  this 
drug  might  prove  of  value  in  the  treatment  of  the  form  of  human 
trypanosomiasis  which  is  due  to  infection  with  Tr.  gambiense.  At 
the  time  this  work  was  done,  Tr.  rhodesiense  was  not  obtainable  for 
experimental  study,  but  as  the  therapy  of  the  infections  caused  by 
this  organism  is  becoming  of  increasing  importance,  it  was  deemed 
advisable  to  determine  the  effects  which  might  be  hoped  for  from  the 
use  of  this  drug  in  the  treatment  of  Rhodesian  sleeping  sickness, 
and  something  of  the  method  of  treatment  which  might  be  employed 
in  these  cases. 

Accordingly,  a  strain  of  Tr.  rhodesiense  was  obtained  and  a  series 
of  experiments  carried  out  upon  various  fomis  of  the  animal  infection 
including  that  in  mice,  rats,  and  rabbits. 

Tr.  rhodesiense  usually  exhibits  a  higher  degree  of  virulence  for 
laboratory  animals  than  Tr.  gambiense.  The  organism  used  in  these 
experiments,  however,  was  distinctly  less  virulent  for  all  the  animals 
used,  except  the  rabbit,  than  the  strains  of  gambiense  with  which  we 
had  worked.  After  serial  passage  through  mice  and  rats,  it  developed 
a  fair  degree  of  virulence  for  both  species  of  animals  and  was  highly 
virulent  for  rabbits,  but  possessed  very  slight  virulence  for  guinea 
pigs.  When  inoculated  into  mice  and  rats  according  to  the  procedure 
described  in  a  previous  paper  (2),  the  incubation  period  of  the  infection 
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was  from  2  to  3  days  in  the  case  of  mice  and  3  to  5  days  in  rats.  In- 
fected mice  died  in  from  10  to  12  days,  while  rats  survived  a  few  days 
longer.  Rabbits  were  also  readily  infected;  well  marked  symptomatic 
manifestations  of  disease  developed  in  less  than  a  week  after  intraven- 
ous inoculation,  and  the  infection  terminated  fatally  within  2  to 
4  weeks. 

Attempts  to  transmit  the  infection  to  guinea  pigs  were  at  first 
unsuccessful,  but  eventually  a  low  grade  infection  with  a  prolonged 
incubation  period  and  a  low  mortality  was  produced  and  serial  pas- 
sages were  maintained  through  several  generations  of  transfers. 

EXPERIMENTAL. 

The  general  plan  of  the  therapeutic  experiments  carried  out  was 
the  same  as  that  employed  in  our  previous  work;  that  is,  the  trypan- 
ocidal action  of  the  drug  was  studied  by  the  use  of  the  simpler  blood 
stream  infections  of  mice  and  rats,  and  the  results  thus  obtained  were 
applied  to  the  treatment  of  the  more  complex  disease  as  it  appears 
in  the  rabbit.  Mice  and  rats  were  inoculated  intraperitoneally  and 
treated  24  hours  later  by  the  intraperitoneal  administration  of  a 
single  dose  of  the  drug.  Repeated  blood  examinations  were  made 
to  determine  the  effects  upon  the  infecting  organisms.  Mice  were 
kept  under  observation  for  1  month  after  treatm.ent  and  rats  for 
2  months,  as  a  means  of  determining  the  probable  results  of  treatment. 

Rabbits  were  inoculated  intravenously  and  treated  by  the  same 
route  when  well  marked  symptoms  of  disease  had  developed;  the 
period  of  observation  was  3  months,  although  most  of  the  animals 
in  this  series  were  held  as  long  as  4  months. 

Therapeutic  Efecls. 

Mice. — Several  series  of  mice  were  treated  with  doses  of  from 
0.15  to  1.75  gm.  per  kilo  of  body  weight.  Doses  below  0.25  gm.  per 
kilo  were  found  to  exercise  very  little  if  any  effect  upon  the  general 
course  of  the  infection  and  those  of  from  0.25  to  0.5  gm.  merely 
served  to  delay  its  progress.  No  cures  were  obtained  until  the  dose 
of  drug  given  reached  0.75  to  1  gm.  per  kilo.  As  an  example  of  the 
therapeutic  effects  obtained,  the  detailed  results  of  one  of  the  experi- 
ments are  given  in  Table  I. 
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TABLE   I. 

Results  from  the  Treatment  of  a  24  Hour  Infection  of  Tr.  rhodesiense  in  Mice* 


Dose  per  kilo. 

No.  of  mice. 

No.  of  relapses. 

No.  of  probable  cures. 

gm. 

1.75 

2 

0 

2 

1.50 

2 

0 

2 

1.25 

2 

1 

1 

1.00 

2 

2 

0 

0.75 

2 

1 

1 

*  Controls  survived  1 1  days. 

Rats. — It  was  found  that  the  rat  infection  of  Tr.  rhodesiense  was 
also  diiScult  to  influence  with  this  drug.  The  results  obtained  from 
experiments  carried  out  under  the  same  conditions  as  with  mice 
may  be  illustrated  by  the  experiment  given  in  Table  II. 

TABLE   II. 
Results  from  the  Treatment  of  a  24  Hour  Infection  of  Tr.  rhodesiense  in  Rats. 


Dose  per  kilo. 

No.  of  rats. 

No.  of  relapses. 

No.  of  probable  cures. 

sm. 

0  75 

3 

0 

3 

0.60 

3 

2 

1 

'       0  50 

3 

1 

2 

0  35 

3 

3 

0 

While  smaller  unit  doses  of  the  drug  were  capable  of  curing  the 
infection  produced  in  rats  than  in  mice,  when  considered  from  the 
standpoint  of  the  ratio  of  the  curative  to  the  lethal  dose,  the  figures 
obtained  in  the  two  instances  were  in  very  close  agreement,  with  a 
sUghtly  better  ratio  for  the  mouse.  Thus  it  was  found  necessary 
to  administer  upwards  of  two-thirds  of  the  maximum  dose  in 
order  to  effect  a  complete  sterilization  in  the  case  of  the  mouse,  and 
while  cures  might  be  obtained  with  only  two-thirds  of  the  maxi- 
mum dose  in  rats,  the  full  dose  was  necessary  to  assure  such  a  result. 

These  figures  were  quite  different  from  those  which  had  been 
obtained  with  Tr.  gambiense  under  similar  conditions.  Comparable 
results  were  obtained  in  mouse  and  rat  infections  of  this  organism 
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in  doses  as  small  as  one-ninth  and  one-fifth  respectively  of  the  maxi- 
mum dose  for  the  two  animal  species.  It  appeared,  therefore,  that 
greater  difiliculty  might  be  anticipated  in  the  treatment  of  the  more 
severe  chronic  infection  of  rabbits. 

Rabbits. — In  tests  of  the  therapeutic  effects  against  rhodesiense 
infection  in  rabbits,  the  animals  used  were  inoculated  intravenously 
with  1  cc.  per  kilo  of  body  weight  of  a  +  to  +  +  suspension  of  trypano- 
somes  prepared  from  rat  blood.  This  produced  a  very  intense  infec- 
tion, symptoms  appearing  in  individual  animals  within  3  to  5  days 
after  inoculation,  and  the  majority  of  the  animals  showed  well  marked 
manifestations  of  disease  by  the  end  of  the  1st  week.  The  controls 
of  the  series  survived  for  only  2  weeks.    Three  types  of  experiments 


TABLE    III. 


Results  from  the  Treatment  of  Tr.  rhodesiense  Infections  in  Rabbits  by  the  Intra- 
venous Administration  of  a  Single  Dose  of  Tryparsamide  Given 
1  Week  after  Inoculation. 


Dose  per  kilo. 

No.  of  rabbits. 

No.  of  relapses. 

No.  of  probable  cures. 

gm. 
0.7S 

0.60 

3 
3 

1* 

2t 

2 

1 

*  Relapse  19  days  after  treatment. 

t  Relapse  19  and  22  days  after  treatment. 

were  undertaken  in  this  series:  (1)  the  use  of  large  single  doses,  (2) 
the  use  of  repeated  smaller  doses,  and  (3)  an  intensive  treatment  of 
relapses. 

Single  Doses. — In  view  of  the  marked  resistance  exhibited  by  Tr. 
rhodesiense  in  mice  and  rats,  the  single  dose  treatment  of  rabbits 
was  placed  at  the  highest  possible  level  consistent  with  safety.  A 
small  series  of  rabbits  was  treated,  with  the  results  recorded  in  Table 
III. 

Repeated  Doses. — The  attempt  was  also  made  to  determine  whether 
any  form  of  repeated  dose  therapy  based  upon  the  use  of  smaller 
doses  than  those  described  above  might  prove  efficacious  in  this  class 
of  infection.  Two  rabbits  were  given  doses  of  0.4  gm.  per  kilo  at 
intervals  of  3  days.    One  of  these  received  six  doses,  and  after  a  rest 
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period  of  1  week,  the  treatment  was  resumed  with  nine  doses  at 
intervals  of  2  to  3  days.  The  animal  thus  received  a  total  dose  of 
6.0  gm.  of  the  drug  per  kilo  of  body  weight  within  a  period  of  40 
days.  With  the  second  animal  the  number  of  doses  was  reduced  to 
six,  or  a  total  amount  of  2.4  gm.  of  the  drug  per  kilo  was  given  within 
15  days.  Both  these  animals  showed  rapid  improvement  and 
remained  in  excellent  condition  throughout  the  course  of  treatment. 
Signs  of  the  disease  disappeared  completely  and  there  was  no  recur- 
rence within  the  period  of  observation.  They  may,  therefore,  be 
regarded  as  probable  cures. 

The  same  procedure  was  followed  with  three  other  rabbits  with 
a  still  smaller  unit  dose  of  the  drug — 0.3  gm.  per  kilo.  One  animal 
received  six  doses  of  the  drug  at  intervals  of  3  days,  or  a  total  of  1.8 
gm.  in  15  days;  the  second  received  five  doses  followed  by  a  rest 
period  of  1  week  and  then  a  second  series  of  ten  doses,  or  a  total  of 
4.5  gm.  was  given  in  43  days;  the  third  rabbit  was  given  fifteen  con- 
secutive doses  at  regular  intervals,  the  1  week  interim  between  series 
being  omitted. 

The  first  of  these  animals  did  well  imder  the  treatment;  symptoms 
of  disease  disappeared  promptly  and  there  was  no  recurrence.  The 
initial  effects  were  much  the  same  in  the  second  animal,  but  although 
the  co'urse  of  treatment  was  much  more  prolonged,  it  proved  ineffec- 
tual. Within  4  days  after  administration  of  the  drug  had  been  stopped, 
signs  of  the  disease  reappeared,  and  the  animal  died  from  trypano- 
somiasis 15  days  later.  With  the  third  rabbit,  which  was  given  the 
same  amount  of  drug  in  consecutive  doses,  a  cure  was  effected. 

This  small  group  of  cases  furnishes  an  excellent  illustration  of  the 
variability  of  individual  results  which  may  be  obtained  in  the  treat- 
ment of  infections  of  this  type  and  possibly  also  the  effects  which 
may  be  produced  by  apparently  minor  variations  in  the  course  of 
treatment. 

Relapses. — In  view  of  the  great  difficulty  experienced  in  influencing 
rhodesiense  infections,  little  was  to  be  expected  from  an  attempt  to 
treat  these  infections  once  they  had  relapsed.  It  was  considered 
worth  while  determining,  however,  whether  it  was  possible  to  obtain 
any  effect  from  the  use  of  the  drug  in  this  class  of  cases.  Three 
experiments  of  this  kind  were  carried  out. 
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The  first  case  treated  was  a  rabbit  which  had  relapsed  from  a  single 
dose  of  0.75  gm.  per  kilo.  On  the  3rd  day  after  the  symptoms  of 
the  disease  reappeared,  treatment  was  begun  with  0.5  gm.  per  kilo, 
and  nine  doses  of  the  drug  were  administered  at  intervals  of  2  to  3 
days,  or  4.5  gm.  per  kilo  in  21  days.  This  was  considered  to  be  as 
intensive  treatment  as  could  be  undertaken  and  in  this  instance 
apparently  effected  a  cure.  The  animal  when  inoculated  weighed 
1,625.  gm.;  when  retreated  after  relapse,  1,600  gm.;  when  treatment 
was  discontinued,  1,875  gm.;  when  discarded,  1,900  gm.  This 
experiment  furnishes  an  excellent  example  of  the  remarkable  tolerance 
exhibited  by  animals  towards  the  drug  and  the  improvement  in  general 
condition  which  usually  follows  its  administration. 

A  second  animal  which  had  relapsed  from  a  single  dose  of  0.6  gm. 
was  given  five  doses  of  0.5  gm.  and  three  doses  of  0.6  gm.  in  18  days, 
but  the  treatment  was  ineffectual  and  relapse  occurred  1  week  after 
it  was  discontinued. 

In  a  third  rabbit,  the  effect  of  the  treatment  was  uncertain.  This 
was  likewise  a  case  of  relapse  from  a  single  dose  of  0.6  gm.  per  kilo. 
The  animal  was  in  poor  condition  when  relapse  occurred  and  retreat- 
ment  was  instituted.  Two  doses  of  0.5  gm.  per  kilo  were  given  with 
48  hours  intervening.  The  signs  of  trypanosomiasis  were  but  slightly 
improved,  and  the  animal  was  weaker,  so  the  dose  of  drug  was  reduced 
to  0.3  gm.  and  two  doses  of  this  size  were  administered.  Death 
occurred  3  days  later  without  complete  disappearance  of  the  mani- 
festations of  trypanosomiasis. 

By  comparing  these  results  with  those  previously  reported  from  the 
treatment  of  rabbits  infected  with  Tr.  gamhiense,  it  is  at  once  apparent 
that  the  rlwdesicnse  infections  were  much  more  difficult  to  influence. 
Results  comparable  with  those  obtained  with  single  doses  of  0.6  to  0.75 
gm.  per  kilo  could  be  obtained  in  gambiense  infections  with  approxi- 
mately one-third  of  this  amount  of  drug,  and  while  cures  were  uni- 
formly obtainable  in  gambie;:se  infections  with  from  0.3  to  0.35  gm. 
per  kilo,  there  appeared  to  be  no  single  dose  of  the  drug  with  which 
this  could  be  accomplished  with  safety  in  cases  of  rkodesiense  infection. 
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CONCLUSIONS. 

With  the  three  classes  of  animal  infections  studied,  the  trypanocidal 
action  of  tryparsamide  was  found  to  be  much  less  for  Tr.  rhodesiense 
than  for  Tr.  gambknse,  and  a  correspondingly  greater  difficulty  was 
experienced  in  the  treatment  of  the  chronic  tissue  infections  of  Tr. 
rhodesiense. 

This  is,  of  course,  entirely  in  accord  with  past  experience  in  the 
treatment  of  human  cases  of  trypanosomiasis  due  to  the  two  cTrgan- 
isms.  It  is  still  possible  that  something  may  be  accomplished  by  the 
use  of  tryparsamide  in  cases  of  Rhodesian  sleeping  sickness  on  account 
of  the  tolerance  exhibited  to  the  drug  and  the  possibiUty  of  employing 
an  intensive  system  of  treatment.  Much  less  is  to  be  expected,  how- 
ever, than  in  cases  of  infection  due  to  Tr.  gambiense. 

SUMMARY. 

A  series  of  experiments  was  carried  out  to  determine  the  effects 
of  tryparsamide  upon  the  infections  produced  in  various  species  of 
animals  by  Tr.  rhodesiense. 

The  strain  of  trypanosome  used  was  one  which  possessed  a  very 
low  virulence  for  guinea  pigs,  was  fairly  virulent  for  mice  and  rats, 
and  highly  virulent  for  rabbits. 

Therapeutic  experiments  carried  out  on  24  hour  infections  in  mice 
and  rats  showed  that  cures  could  be  obtained  in  this  class  of  infections 
by  the  administration  of  a  single  large  dose  of  the  drug  amounting 
to  approximately  two-thirds  of  the  maximiun  tolerable  dose,  as  con- 
trasted with  similar  results  in  cases  of  gambiense  infections  from 
approximately  one-ninth  and  one-fifth  of  this  dose  respectively. 

With  advanced  infections  in  rabbits,  there  appeared  to  be  no  single 
dose  of  the  drug  capable  of  insuring  a  cure  which  could  be  administered 
with  safety,  although  some  cures  were  obtainable  with  doses  approxi- 
mating the  maximum  tolerable  dose.  Treatment  of  these  infections 
could  be  carried  to  a  successful  conclusion,  however,  by  an  intensive 
system  of  treatment  in  which  large  doses  of  the  drug  were  admin- 
istered at  short  intervals  of  time,  and  even  relapses  yielded  to  this 
treatment  in  some  instances.  The  employment  of  such  a  method  of 
treatment  was  possible  on  account  of  the  unusual  tolerance  exhibited 
by  animals  to  this  drug,  a  fact  which  was  previously  emphasized. 
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These  facts  indicate  that  the  outlook  for  the  drug  in  the  therapy 
of  Rhodesian  sleeping  sickness  is  much  less  hopeful  than  in  gamhiense 
infections,  though  it  is  felt  that  some  benefits  may  be  derived  from 
its  use. 
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INTRODTJCTION. 

The  problem  of  acidosis  resolves  itself  into  two  fundamental  ques- 
tions. First,  in  any  given  case  is  there  an  acidosis  in  the  sense  that 
the  available  alkali  of  the  blood  is  diminished  through  an  increase 
in  non- volatile  acid;  and,  second,  is  there  an  acidosis  in  the  sense 
of  an  actual  change  in  blood  reaction  in  the  acid  direction,  of  an 
increase,  in  other  words,  of  the  concentration  of  ionized  hydrogen? 
In  disease  these  conditions  may  occur  alone  or  combined.  To  recog- 
nize each  a^d  to  distinguish  between  them  is  of  some  cHnical 
importance.  Data  concerning  the  former  are  abundant  in  the  Hter- 
ature;  concerning  the  latter,  somewhat  less  so;  and  data  showing  the 
two  simultaneously  are  few. 

The  question  of  available  alkali  of  the  blood  in  disease  has  been  approached 
by  a  large  number  of  investigators  and  by  divergent  methods.  Of  the  more 
recent  work  the  following  general  tjqjes  may  be  cited  by  way  of  illustration: 
(a)  determination  of  titratable  alkalinity  of  the  blood  by  the  method  of  SeUards 
(1) ;  (6)  determination  of  the  carbon  dio.xide  capacity  of  the  serum  by  the  methods 
of  Van  Slyke  (2) ;  (c)  determination  of  the  oxygen-combining  power  of  the  blood 
at  a  given  tension  of  oxygen  as  done  by  Barcroft  (3). 

The  question  of  the  actual  reaction  of  the  blood  in  health  and  disease  has  also 
been  approached  in  several  ways.  The  reaction  can  be  measured  directly  either 
electrometricaU}'  by  the  so  called  gas  chain  method  of  Hasselbalch  (4)  or  by  the 
use  of  indicators  as  employed  by  Sorensen  (5)  and  more  recently  by  Bayliss  (6). 
It  can  also  be  arrived  at  indirectly  from  the  behavior  of  the  oxygen  dissociation 
curve  of  the  blood,  the  determination  of  the  degree  of  meionexy  of  Barcroft  (3). 

*  This  paper  is  the  first  of  a  series  of  studies  of  the  physiology  and  pathology 
of  the  blood  from  the  Harvard  Medical  School  and  allied  hospitals. 
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Finally  it  may  be  calculated  from  the  carbon  dioxide  dissociation  curve  provided 

that  the  arterial  carbon  dioxide  tension  or  concentration  is  known.  Hasselbalch 
(7)  has  pubhshed  a  formula  for  such  calculation  which  is  dependent  upon  the 
principle  shown  by  L.  J.  Henderson  (8)  that  the  reaction  of  the  blood  is  depend- 
ent chiefly  upon  the  ratio  of  free  carbonic  acid  to  bicarbonate,  which  can  be 
expressed  by  the  formula 

[BHCOa] 

+ 
in  which  [II]  is  the  concentration  of  ionized  hydrogen,  [H2CO3]  the  concentration 
of  free  carbonic  acid  and  [BHCO3]  the  concentration  of  bicarbonates,  and  K  a 

constant.    The  fraction  ordinarily  has  a  value  of  approximately  -jV- 

[BHCO3J  + 

Changes  in  this  ratio,  it  can  easily  be  seen,  will  denote  changes  in  the  [H],  that 
is  in  blood  reaction,  while  changes  in  the  actual  magnitude  of  the  denominator 
wUl  denote  changes  in  available  aUcali  of  the  blood  and  changes  in  the  numerator 
changes  in  carbon  dioxide  tension.  Knowledge,  then,  of  the  two  terms  of  the 
ratio  in  any  given  blood  will  tell  us  the  two  most  fundamental  facts  of  acidosis. 
For  clinical  purposes  the  simplest  way  of  arriving  at  the  value  of  the  ratio  and 
of  determining  the  actual  magnitude  of  the  two  terms  of  the  fraction  is  to  secure 
the  data  necessarj'  to  plot  the  so  called  carbon  dioxide  diagram  of  the  blood  of 
Haggard  and  Y.  Henderson  (9).  This  diagram,  which  incidentally  is  essen- 
tially a  graphic  representation  of  L.  J.  Henderson's  formula,  consists  in  the  car- 
bon dioxide  dissociation  curve  of  the  blood  determined  after  the  manner  of 
Christiansen,  Douglas,  and  Haldane  (10)  with  a  mark  upon  it  which  denotes 
its  intersection  with  the  coordinate  representing  the  tension  or  concentration  of 
carbon  dioxide  in  the  arterial  blood,  this  point  being  called  the  A-point. 

After  a  conversation  with  Professor  Y.  Henderson  in  January,  1920, 
we  were  greatly  impressed  with  the  lucidity  of  such  diagrams  in  the 
interpretation  of  problems  of  acid-base  equiHbritim,  and  as  a  result 
we  undertook  the  present  research  which  consists  in  the  construction 
of  such  diagrams  for  the  blood  of  patients,  for  the  purpose  of  deter- 
mining the  presence  or  absence  of  non-volatile  acid  in  their  blood, 
and  of  actual  changes  in  their  blood  reaction. 

The  information  to  be  gathered  from  the  dissociation  curve  thus 
plotted  with  its  A-point  is  as  follows:  In  the  first  place  the  abscissae 
in  the  diagram  indicate  the  tension  of  carbon  dioxide  in  the  blood  and 
therefore  the  concentration  of  dissolved  carbonic  acid,  for  it  is  well 
known  that  the  concentration  of  carbonic  acid  in  physical  solution  is 
directly  proportional  to  its  partial  pressure,  or  tension.     The  abscissa 


J.   H.    MEANS,    A.   V.    BOCK,   AND   M.   N.   WOODWELL  203 

therefore  is  the  numerator  of  the  fraction  in  L.  J.  Henderson's  for- 
mula [H2CO3].  Second,  the  ordinates  are  indices  of  the  denominator 
of  the  fraction,  or  the  concentration  of  bicarbonates  in  the  blood 
[BHCO3].  For  although  what  is  actually  determined  is  the  total 
carbonic  acid  of  the  blood,  not  only  in  chemical  combination  as  bicar- 
bonate, but  in  physical  solution  as  well,  yet,  since  the  latter  is  directly 
proportional  to  the  tension,  it  can  be  disregarded.  Indeed  Haggard 
and  Henderson  in  their  diagram  by  drawing  a  diagonal  base-line  show 
directly  the  amount  of  carbon  dioxide  in  physical  solution  and  chem- 
ically combined.  We  have  not  used  this  method,  as  in  the  majority 
of  curves  in  the  literature  the  total  carbonic  acid  at  any  given  tension 
has  usually  been  plotted  above  a  horizontal  base-line. 

If  now  the  abscissa  represents  dissolved  carbonic  acid  concentra- 
tion and  the  ordmate  bicarbonate  concentration,  and  if  hydrogen  ion 
concentration  is  dependent  upon  the  ratio  of  these  two  to  each  other 
multiplied  by  a  constant,  then  for  any  given  point  in  the  diagram  a 
series  of  radii  drawn  through  the  zero  point  will  indicate  the  magni- 
tude of  the  hydrogen  ion  concentration.  Also  in  any  given  arterial 
blood  the  position  of  the  A-point  wUI  show  the  reaction.  As  long  as 
the  value  of  the  ratio  [H2CO3]  :  [BHCO3]  remains  constant,  though 
its  actual  terms  may  vary  in  magnitude,  the  A-point  will  always  fall 
on  the  same  straight  hne  drawn  through  the  zero  point.  We  have 
therefore  drawn  a  diagonal,  the  line  OC  in  Text-fig.  1,  which  runs 
approximately  through  the  A-points  of  a  number  of  normal  bloods. 
Pathological  bloods,  if  tlie  A-points  fall  to  the  left  of  this  line,  will  have 
a  more  alkaline,  if  to  the  right  a  less  alkaline  reaction  than  normal. 

By  the  carbon  dioxide  diagram  then  we  are  informed,  first,  of  the 
presence  or  the  absence  of  acidosis  in  the  sense  of  a  changed  blood 
reaction,  and,  second,  of  the  presence  or  absence  of  non-volatile  acid 
in  the  blood.  This  latter  is  shown  by  the  level  of  the  dissociation 
curve.  The  effect  of  adding  acid  to  the  blood  is  to  diminish  its  avail- 
able alkali.  This  means  that  the  dissociation  curve  will  be  moved 
downward,  for  the  ordinate  represents  the  concentration  of  blood 
bicarbonate.  The  two  main  facts  of  acidosis  then  are  revealed  by  the 
diagram,  through  the  position  of  the  A-point  and  the  level  of  tlie 
curve. 
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Methods. 

There  is  nothing  new  in  the  methods  we  have  made  use  of.  Blood 
was  drawn  from  an  arm  vein  and  placed  in  a  tube  containing  some  dry 
oxalate  crystals.  About  5  cc.  were  placed  in  each  of  three  tonometers 
which  had  previously  been  filled  with  mixtures  of  air  and  carbon  diox- 
ide of  known  tension.  The  type  of  tonometer'  used  was  that  shown 
by  Barcroft  (3).  The  tonometers  were  then  placed  in  a  brass  cylin- 
der filled  with  water  at  body  temperature  and  slowly  rotated  in  a 
horizontal  position  for  10  minutes  by  a  motor.-  After  equilibration 
the  carbon  dioxide  content  of  the  blood  from  each  tonometer  was 
detennined  by  means  of  Henderson  and  Smith's  blood  gas  appa- 
ratus (11). 

Three  points  in  the  dissociation  curve  were  thus  obtained  and 
plotted  as  in  Text-fig.  1.  The  ordinates  represent  the  concentration 
of  carbon  dioxide  of  the  blood  in  terms  of  volumes  per  cent;  that  is,  the 
content  as  found  by  blood  gas  analysis.  The  abscissas  represent  the 
tension  of  carbon  dioxide  in  millimeters  of  mercurj';  that  is,  the  partial 
pressure  of  carbon  dioxide  in  the  equiUbrating  atmosphere.  These 
points  having  been  obtained  for  any  given  blood,  the  most  probable 
curve  was  then  drawn  through  them. 

The  next  step  in  the  construction  of  the  carbon  dio.xide  diagram  is 
the  fixing  of  the  arterial  or  A-point.  This  can  be  done,  of  course,  by 
finding  either  the  concentration  of  carbon  dioxide  in  the  arterial  blood, 
its  appropriate  abscissa,  and  the  point  where  this  intersects  the  curv^e, 
or  by  determining  the  tension  of  carbon  dioxide  in  the  arterial  blood 
and  finding  the  point  where  its  ordinate  intersects  the  curve.  If  both 
methods  were  used  they  would  serve  as  a  check  upon  each  other. 

The  concentration  of  carbon  dioxide  in  arterial  blood  we  obtained 
by  drawing  samples  under  oil  from  the  radial  or  brachial  artery  after 
the  method  of  Stadie  (12),  and  then  determining  their  carbon  dioxide 
content  with  the  Henderson  apparatus.  Direct  determination  of  the 
tension  of  gases  in  the  circulating  blood  of  animals  has  been  done 
experimentally  by  Krogh  and  Krogh  (13),  but  could  hardly  be  done 

'Barcroft  (3),  Fig.  145. 

=  This  rotating  bath  was  a  copy  of  one  which  was  in  use  in  Barcroft 's  labora- 
tory at  Cambridge  in  1913. 
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satisfactorily  in  man.  In  the  absence  of  lesions  of  the  lungs  or  of  dis- 
turbances of  the  circulation  through  the  pulmonary  circuit,  however, 
it  is  safe  to  assume  that  the  arterial  blood,  as  far  as  carbon  dioxide 
is  concerned,  is  essentially  in  tension  equilibrium  with  the  alveolar 
air,  as  obtained  by  Haldane  and  Priestley's  method  (14). 

In  plotting  the  A-point  of  our  several  curves  we  sometimes  have 
made  use  of  the  carbon  dioxide  tension  of  the  alveolar  air,  and  some- 
times of  the  carbon  dioxide  content  of  the  arterial  blood.  The  method 
used  in  each  instance  is  noted  in  Table  I. 

Cases  Studied. 

We  determined,  in  all,  fifteen  dissociation  curves.  All  the  points 
determined  are  shown  in  Table  I,  while  the  actual  curves  with  their 
A-points  are  shown  in  Text-fig.  1.  Two  of  these  curves  were  of  the 
blood  of  normal  indi\dduals,  three  of  a  diabetic  with  acidosis,  two  of 
a  nephritic  with  acidosis,  three  of  pneimionia  patients,  two  of  anemia 
(one  primary  and  one  secondary) ,  one  of  cerebral  hemorrhage,  one  of 
myelogenous  leucemia,  and  one  of  idiopathic  tetany. 

Normal  Individuals. — As  we  stated  earlier  in  interpreting  the  car- 
bon dioxide  diagram  one  phase  of  the  question  is  answered  by  the  level 
of  the  dissociation  curve.  Since  this  is  true,  it  becomes  necessary  to 
discover  the  level  of  the  normal  curve.  We  have  searched  the  liter- 
ature for  such  curves  and  found  several.  In  Text-fig.  1  a  shaded  zone 
is  shown.  This  zone  contains  curves  of  the  blood  taken  from  the 
work  of  Christiansen,  Douglas,  and  Haldane  (10),  of  Hasselbalch 
(7),  of  Parsons  (15),  of  Joffe  and  Poulton  (16),  of  Liljestrand  and 
Lindhard  (17),  and  also  curves  of  two  cases  described  in  the  present 
paper.  Cases  A  and  B  (Curves  1  and  2).  A  similar  zone  has  been 
pubHshed  by  Straub  and  Meier  (18),  which  is  said  to  include  320 
points  of  the  bloods  of  64  normal  persons.  The  lower  border  of  their 
zone  falls  within  our  zone,  but  their  upper  border  is  very  much  higher 
and  so  at  variance  with  the  work  of  other  investigators  that  we  are 
inclined  to  believe  it  incorrect.  All  the  A-points  of  the  blood  of  Cases 
A  and  B  and  of  those  determined  by  Christiansen,  Douglas,  and  Hal- 
dane, and  Liljestrand  and  Lijadhard  fall  either  on  the  OC  line  in  Text- 
fig.  1,  or  at  a  distance  on  either  side  of   it  so  shght  that  it  would 
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TABLE   I. 
Dissociation  Curve;  Points  Actually  Determined. 


Curve  No. 

Case. 

Condition. 

COi  tension. 

COi  content. 

A-point. 

mm. 

vol.  per  cent 

mm. 

1 

A 

Normal. 

16.8 
41.0 
72.0 

38.0 
51.0 
61.0 

37.5 

2 

B 

it 

17.6 
36.0 
65.0 

37.0 
49.0 
59.0 

40.6 

3 

C 

Diabetic  acidosis. 

19.5 

42.5 
74.0 

19.0 
27.0 
39.5 

14.6 

4 

C 

Same.     1  day  later. 

18.1 
38.2 
78.2 

21.0 
30.0 
39.0 

20.5 

5 

C 

"         3  days  after  Curve  4 

18.5 

Lost. 

26.8 

was  determined. 

42.5 
67.0 

41.0 
48.0 

per  cent 

6 

D 

Renal  acidosis. 

17.9 
32.5 
67.0 

13.0 
22.0 
36  0 

12 

7 

D 

Same.     Day  after  alkali  ad- 

18.5 

45.0 

60 

ministration. 

35.4 
69.5 

62.0 
72.0 

8 

E 

Influenza  pneumonia. 

19.7 
31.5 
68.0 

38.0 
44.0 
61.0 

57 

9 

F 

Lobar  pneumonia. 

18.5 
32.5 
67.5 

34.0 
46.0 
58.0 

52 

10 

G 

Bronchopneumonia. 

21.8 
39.4 
69.5 

50.0 
58.0 
70.0 

68 
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TABLE  1— Concluded. 


Curve  No. 

Case. 

Condition. 

COa  tension. 

COi  content. 

A-point. 

mm. 

vol.  per  cent 

per  cent 

11 

H 

Cerebral  hemorrhage. 

22.0 
34.5 
69.2 

46.0 
54.0 
65.0 

56 

mm. 

12 

I 

Myelogenous   leucemia;    sec- 

18.9 

47.0 

40.6 

ondary  anemia. 

42.6 
80.5 

62.0 
72.0 

13 

J 

Secondary  anemia. 

17.7 
36.6 

70.5 

42.0 
50.0 
63.0 

Lost. 

per  cent 

14 

K 

Idiopathic  tetany. 

18.8 
38.2 
70.0 

43.0 
53.0 
66.0 

58 

15 

L 

Primary  anemia. 

19.5 

35.8 
73.8 

55.0 
69.0 
74.0 

70 

make  a  difference  of  not  more  than  0.02  in  the  pH.  The  data  for 
placing  the  A-point  of  the  other  curves  taken  from  the  literature  were 
not  found  in  the  several  papers. 

Diabetic  Acidosis. — Three  curves  (Nos.  3,  4,  and  5)  were  obtained 
from  a  case  of  diabetic  acidosis  (Case  C). 

The  first  of  these  curves  (No.  3)  was  obtained  on  January  23,  1920. 
The  patient  had  then  just  entered  the  hospital  mth  a  moderately 
severe  diabetes  mellitus,  and  with  a  considerable  acetonemia.  He  was 
somewhat  drowsy  but  not  in  coma.  There  was  no  noticeable  hyper- 
pnea  and  no  subjective  dyspnea.  The  low  position  of  the  curve  on 
this  day  shows  a  very  low  combining  power  of  the  blood  with  carbon 
dioxide  and  hence  indicates  the  presence  of  a  large  quantity  of  non- 
volatile acid  in  the  blood.  Nevertheless,  the  A-point  of  this  curve 
is  practically  on  the  OC  line,  which  means  presumably  that  his  blood 
reaction  was  normal.  He  had,  in  other  words,  what  has  been  called  by 
Y.  Henderson  and  others  a  compensated  acidosis.     He  had  acidosis 
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in  the  sense  of  having  abnormal  acid  present  in  his  blood,  but  he  had 
by  increasing  his  pulmonary  ventilation  and  thereby  reducing  the 
tension  of  carbon  dioxide  in  his  alveolar  air  so  reduced  the  dissolved 
carbon  dioxide  of  his  blood  that  the  normal  value  of  the  [II2CO3]  : 
[BHCO3]  ratio  was  preserved.  Through  his  pulmonary  response  he 
had  kept  his  blood  reaction  normal. 

After  this  he  fasted,  but  was  given  water  and  salt  freely,  and  on 
January  24  his  dissociation  curve  had  risen  to  the  position  of  Curve 
4.  The  A-point  of  this  curve  is  slightly  to  the  acid  side  of  the  OC  line 
and  may  indicate  that  his  compensation  was  not  quite  so  good  as  it 
had  been  the  day  before.  It  must  be  said,  however,  that  as  we 
approach  the  lower  left-hand  corner  of  the  diagram  the  position  of  the 
A-point  becomes  less  and  less  accurate.  The  experimental  error  in 
determining  the  carbon  dioxide  content  by  the  method  used  is  proba- 
bly at  least  1  per  cent,  and  with  low  curves  an  error  of  1  per  cent  will 
make  much  more  change  in  the  pH  than  it  would  with  curves  in  the 
normal  position.  We  should  hesitate  to  say  then  that  the  A-point  of 
Curve  4  really  proved  the  presence  of  a  decompensated  acidosis. 
The  fact  that  Curve  4  is  higher  in  position  than  Curve  3  shows  that 
the  patient  had  somewhat  improved  his  supply  of  available  blood 
alkali. 

On  January  27,  Curve  5  was  obtained.  This  shows  a  very  striking 
increase  in  available  alkali  and  an  A-point  on  the  OC  line,  indicating 
perfect  compensation. 

Unfortunately  no  further  obser^^ations  were  obtained  with  this 
patient,  for  he  left  the  hospital  against  advice. 

Nephritic  Acidosis. — We  also  had  an  opportunity  to  obtain  two 
curves  in  the  case  of  a  man,  55  years  old  (Case  D),  who  was  brought 
to  the  hospital  with  an  intense  grade  of  hj^erpnea.  It  proved  to  be 
impossible  to  measure  his  pulmonary  ventilation,  but  from  the  general 
character  of  his  breathing  as  compared  with  a  similar  case  of  hj'per- 
pnea  reported  by  Means  and  Rogers  (19)  it  seemed  probable  that  he 
was  breathing  40  to  50  liters  per  minute. 

His  underlj-ing  malady  was  arteriosclerotic  nephritis  but  he  had  in 
addition  an  obstructing  prostate  and  a  double  pyelonephritis.  He  was 
in  a  profound  state  of  uremia  and  retention  acidosis.  The  dissocia- 
tion curve  (Curve  6)  obtained  the  day  he  came  in,  February  19,  1920, 
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had  the  lowest  position  of  any  in  the  series,  indicating  that  the 
available  alkali  was  very  greatly  reduced.  Moreover,  the  position 
of  the  A-point  of  the  curve  definitely  to  the  right  of  the  OC  line  shows 
that,  in  spite  of  the  extreme  hyperpnea,  the  respiratory  response  was 
insufficient  to  preserve  the  normal  [H2CO3]  :  [BHCO3]  ratio  and  he 
had  an  actual  change  in  the  reaction  of  his  blood  in  the  acid  direction, 
a  decompensated  acidosis  in  other  words.  The  actual  shift  in  the  pH, 
as  explained  earlier,  in  this  part  of  the  diagram  can  only  be  roughly 
estimated,  but  it  could  not  have  been  less  than  0.2.  His  actual  oxy- 
gen saturation  on  this  day  was  89.6  per  cent  and  his  hemoglobin  69.3 
per  cent  (calculated  from  the  oxygen  capacity). 

After  the  blood  had  been  drawn  for  the  first  curve  he  was  promptly 
started  on  large  amounts  of  sodium  bicarbonate  intravenously  and 
by  rectum.     A  free  flow  of  urine  was  also  obtained  by  catheterization. 

The  next  day,  after  he  had  had  approximately  175  gm.  of  sodimn 
bicarbonate,  there  was  a  most  extraordinary  change.  The  hyperpnea 
had  entirely  gone  and  he  was  no  longer  drowsy.  Curve  7  was  obtained. 
The  change  in  the  curve  is  as  remarkable  as  that  in  the  clinical  condi- 
tion. From  being  very  low  it  had  moved  to  a  level  higher  than  nor- 
mal. On  that  day,  then,  the  available  alkali  was  greater  than  in 
normal  indi\T[duals.  Furthermore,  the  A-point  had  moved  to  the  left 
side  of  the  OC  line  to  such  a  distance  that  he  probably  had,  on  that 
day,  an  actual  shift  in  blood  reaction  in  the  alkaline  direction.  A 
large  amount  of  fluid  had  been  administered  to  him  and  this  was, 
reflected  in  the  hemoglobin,  which  had  dropped  to  51.1  per  cent. 
Moreover,  he  no  longer  had  arterial  anoxemia,  his  arterial  blood  being 
93.5  per  cent  saturated. 

The  improvement,  of  course,  was  transient,  as  he  had  practically 
no  renal  tissue.  He  became  uremic  and  acidotic  again,  and  died  on 
February  23. 

Pneumonia. — A  curve  was  obtained  from  each  of  three  patients 
with  pneumonia. 

The  first  of  these  (Curve  8)  was  that  of  the  blood  of  a  man,  39  years 
old,  with  influenza  pneumonia  (Case  E).  The  curve  was  obtained  on 
February  18,  1920.  The  influenza  began  on  February  12  and  the 
pneumonia  on  February  16.  It  was  of  the  fulminating  variety  of 
influenza  pneimionia.     On  the  day  the  curve  was  obtained  there  were 
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scattered  areas  of  consolidation  throughout  both  lungs.  There  were 
frothy  bloody  expectoration  and  a  marked  diffuse  bronchitis.  Respi- 
rations were  rapid  and  shallow.  He  had  a  dull,  leaden  cyanosis  of 
the  mucous  membranes  and  finger  tips.  The  striking  point  about  the 
diagram  of  this  case  is  that  while  the  level  of  the  curve  is  quite  within 
the  normal  zone,  the  A-point  is  far  to  the  right  of  the  OC  line,  indicating 

c 
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Text-Fig.  1.  Carbon  dioxide  diagram  in  health  and  disease.  The  ordinates 
represent  carbon  dioxide  content  of  the  blood  in  volurhes  per  cent  (V  CO2), 
the  abscissae,  tension  of  carbon  dioxide  in  millimeters  of  mercury  (PCO2).  The 
shaded  zone  indicates  the  area  within  which  we  believe  the  curves  of  normal  blood 
fall.  The  line  OC  represents  the  hydrogen  ion  concentration  of  normal  blood.  The 
arterial  or  A-points  are  shown  by  black  dots.  The  points  in  the  several  curves 
actually  determined,  and  also  the  condition  of  the  patients,  are  shown  in  Table  I. 
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a  definite  shift  in  the  blood  reaction  in  the  acid  direction,  equal  roughly 
to  a  decrease  of  about  0.10  in  the  pH.  On  the  same  day  the  oxygen 
saturation  of  the  arterial  blood  of  this  case  was  59.3  per  cent  and  the 
hemoglobin  103.8  per  cent.  The  arterial  blood  as  drawn  into  a 
syringe  was  quite  as  dark  as  normal  venous  blood.  He  died  on  Feb- 
ruary' 19.     Xo  autopsy  was  obtained. 

The  next  diagram  of  pneumonia  blood  (Curve  9)  is  that  of  a  man, 
59  years  old,  with  true  pneumococcus  (Tj-pe  Ha)  lobar  pneumonia 
(Case  F).  The  curve  was  obtained  on  Februan,-  11,  1920,  the  pneu- 
monia ha\'ing  begun  about  2  weeks  before.  He  had  on  this  day  exten- 
sive double  lobar  pneumonia,  the  course  of  which  had  been  progres- 
sively worse.  His  breathing  was  labored  and  grunting  and  he  had 
marked  cyanosis.  About  8  hours  after  the  blood  for  the  diagram  was 
taken  he  died.  No  autopsy  was  obtained.  The  arterial  oxygen  sat- 
uration on  February  11  was  74.5  per  cent  and  the  hemoglobin  118  per 
cent.  This  curve,  like  the  preceding  one.  is  within  the  normal  zone, 
the  A-point  also  being  to  the  right  of  the  OC  line,  but  less  strikingly  so 
than  with  the  blood  of  Case  E. 

The  last  pneumonia  blood  studied  (Curve  10)  was  that  of  a  man, 
43  years  old,  with  postoperative  bronchopneumonia.  He  also  had 
puhnonar}'  emphysema  and  chronic  bronchitis  (Case  G).  He  was 
operated  on  for  gall  stones  on  February  21,  1920,  and  on  February  22 
the  pneumonia  began.  The  curve  was  obtained  on  February  25. 
On  that  day  there  were  areas  of  consoUdation  scattered  through  both 
lungs,  many  rales,  deep  cyanosis,  and  rapid  gnmting  breathing.  It  is 
interesting  to  note  that  the  level  of  the  dissociation  curve  is  above  the 
normal  zone,  yet  the  A-point  like  that  of  Curve  8  is  well  to  the  right  of 
the  OC  line.  The  arterial  oxygen  saturation  on  February  25  was  86.3 
per  cent  and  the  hemoglobin  122  per  cent.  He  made  an  uneventful 
recovery. 

Blood  Disease. — The  curves  for  the  blood  of  three  patients  with 
blood  disease  were  obtained.  One  of  these  (Curve  12)  was  that  of  a 
man,  33  years  old,  in  an  aleucemic  phase  of  myelogenous  leucemia; 
he  likewise  had  a  marked  secondary  anemia.  The  red  cell  count  was 
1,280,000,  the  white  cell  count  5,600,  and  the  hemoglobin  45  per  cent. 
The  interesting  thing  about  his  curve  is  that  it  Hes  throughout  at  a 
higher  level  than  the  upper  border  of  the  normal  zone  and  that  the 
A-point  lies  to  the  left  of  the  OC  line. 
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Curve  13  of  a  man,  44  years  old,  with  secondary  anemia  of 
moderate  grade  (Case  J)  whose  red  cell  count  was  3,248,000,  white 
cell  count  6,600,  and  hemoglobin  73  per  cent  also  lay  at  a  higher  level 
than  normal.  Data  for  plotting  the  A-point  of  this  blood  were  unfor- 
tunately not  obtained. 

The  diagram  of  the  blood  of  a  man,  56  years  old  (Case  L),  with 
pernicious  anemia  (Curve  15)  showed  a  still  higher  position  of  the 
dissociation  curve  and  an  A-point  still  further  to  the  left  than  that  of 
Curve  12.  The  red  cell  count  was  1,849,000,  the  white  cell  count 
4,000,  and  the  hemoglobin  25  per  cent. 

Miscellaneous  Curoes. — One  diagram  (Curve  11)  was  obtained 
from  a  man,  58  years  old,  with  a  cerebral  hemorrhage  (Case  H). 
This  showed  a  slightly  higher  level  of  the  curve  than  did  the  normal 
curves,  and  an  A-point  slightly  to  the  left  of  the  OC  line. 

The  blood  of  a  woman,  28  years  old,  with  idiopathic  tetany  (Case 
K)  showed  a  curve  just  above  the  upper  border  of  the  normal  zone 
(Cur^'e  14),  and  an  A-point  sUghtly  to  the  right  of  the  OC  line. 

DISCUSSION. 

The  interpretation  of  these  results  presents  considerable  difficulty. 
As  we  pointed  out  earHer,  even  the  range  of  variation  of  the  level  of 
the  carbon  dioxide  dissociation  curve  of  normal  blood  is  not  known. 
The  zone  we  have  showTi  in  Text-iig.  1,  while  it  includes  the  curves  de- 
termined for  normal  blood  by  a  number  of  different  observers,  may 
perhaps  not  represent  the  true  range.  It  may  be  either  too  wide 
or  too  narrow,  or  either  or  both  of  its  borders  may  be  too  high  or  too 
low.  It  will  require  a  large  series  of  normal  curves  to  determine  cor- 
rectly the  limits  of  normal  variation.  Nevertheless,  it  seems  to  us 
that  the  striking  \-ariations  "from  the  few  normal  curves  available, 
shown  by  some  of  the  pathological  bloods  here  studied,  are  not  without 
clinical  interest. 

Before  discussing  these  variations,  we  shall  consider  some  of  the 
possible  sources  of  error.  In  the  first  place,  what  are  the  relative  de- 
grees of  accuracy  of  the  several  procedures  involved  in  the  construction 
of  the  carbon  dioxide  diagrams?  The  shape  and  level  of  the  dissocia- 
tion curv'es  we  believe  are  substantially  correct.     The  concentration 
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of  carbon  dioxide  in  the  blood  by  the  method  used  should  be  accurate 
within  1  volume  per  cent;  that  of  carbon  dioxide  tension  should  cer- 
tainly be  accurate  within  less  than  1  mm. 

The  position  of  the  OC  line  which  we  have  drawn  to  represent  the 
normal  ratio  of  free  carbonic  acid  to  bicarbonate  according  to  the  cal- 
culations of  Straub  and  Meier  from  Hasselbalch's  formula  would  indi- 
cate a  pH  of  approximately  7.35.  The  actual  pH  of  arterial  blood  as 
found  by  the  gas  chain  method  is  given  by  Michaelis  (20)  as  7.45. 
As  already  stated,  the  A-point  of  the  curves  of  the  blood  determina- 
tions in  cases  described  by  Haldane,  LDjestrand,  and  Lindhard,  and 
in  Cases  A  and  B  of  the  present  paper  falls  either  on  the  line,  as  we 
have  drawn  it,  or  at  an  insignificant  distance  from  it. 

About  the  accuracy  of  the  position  of  the  A-points  of  the  several 
curves  we  must  speak  with  less  assurance.  As  has  already  been  said, 
two  ways  of  plotting  this  point  were  used.  Both  these  methods  are 
open  to  criticism.  The  plotting  of  the  A-point  from  the  carbon 
dioxide  tension  of  the  alveolar  air  would  be  satisfactory  provided,  first, 
that  accurate  samples  of  arterial  pulmonary  air  could  always  be 
secured,  and,  second,  that  the  arterial  blood  is  always  in  tension  equi- 
librium with  the  alveolar  air.  In  normal  individuals  both  these  pro- 
\'isions  hold  true.  It  is  imdoubtedly  possible  to  obtain  accurate  alve- 
olar carbon  dioxide  tension  by  Haldane's  method  in  well  trained  nor- 
mal subjects.  So  also  it  is  entirely  probable  that  their  arterial  blood 
is  in  tension  equilibrium  with  their  alveolar  air,  as  far  as  carbon  diox- 
ide is  concerned.  In  the  sick  patient,  however,  not  only  may  it  be 
impossible  to  obtain  rehable  Haldane  samples  of  arterial  pulmonary 
air,  but  furthermore,  if  there  is  a  gross  pathological  condition  within 
the  thorax,  it  is  quite  possible  that  alveolar  air  and  arterial  blood 
will  not  be  in  tension  equihbrium. 

It  was  for  this  reason  that  in  patients  with  pulmonary  disease,  or 
with  those  from  whom  for  any  reason  we  could  not  get  good  alveolar 
air  samples,  we  resorted  to  the  method  of  plottmg  the  A-point  from 
the  carbon  dioxide  content  of  the  arterial  blood.  This  method  might 
at  first  be  thought  to  be  free  from  the  errors  of  the  alveolar  air  method, 
but  yet,  as  Peters  (21)  has  recently  pointed  out  to  us,  it  is  not  entirely 
so.  Pro\dded  the  patient  made  no  alteration  in  his  pulmonary  venti- 
lation while  the  arterial  sample  was  being  drawn,  there  would  be  no 
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error,  but  if  he  either  increased  or  decreased  his  ventilation,  then  we 
should  have  an  abnomial  carbon  dioxide  content,  abnormally  low  in 
the  former  case,  abnomially  high  in  the  latter,  which  would  give  us  a 
false  position  of  the  A-point,  too  far  to  the  left  in  the  former  case,  too 
far  to  the  right  in  the  latter. 

Another  type  of  possible  error  is  due  to  the  nature  of  the  diagram 
itself.  In  places  where  the  dissociation  curve  is  more  nearly  hori- 
zontal than  vertical  an  A-point  plotted  from  the  carbon  dioxide  tension 
will  obviously  be  more  accurate  than  one  plotted  from  the  carbon 
dioxide  content;  and  conversely,  when  the  curve  is  more  nearly  verti- 
cal than  horizontal,  the  carbon  dioxide  content  will  give  the  more 
accurate  point.  To  illustrate  this  principle  take  for  example  the  A- 
point  of  Curve  15.  Here  an  increase  of  1  volume  per  cent  in  carbon 
dioxide  content  would  move  the  A-point  some  three  times  nearer  the 
OC  line  than  would  a  rise  of  1  mm.  in  the  tension,  and  a  rise  of  2.5  vol- 
umes per  cent  in  tlie  content  would  place  it  on  the  OC  hne,  while  a  rise 
of  2.5  mm.  in  tension  would  still  leave  it  far  to  the  left. 

One  last  source  of  error  must  be  mentioned,  and  that  is  the  efifect 
of  oxygenation  upon  the  level  of  the  carbon  dioxide  dissociation  curve. 
Christiansen,  Douglas,  and  Haldane  (10)  in  their  original  paper  showed 
that  the  curve  for  oxygenated  blood  has  a  definitely  lower  level  than 
that  of  reduced  blood.  The  curves  that  we  have  included  in  our 
normal  zone  were  all  those  of  oxygenated  blood.  Since  arterial 
blood  is  normally  nearly  saturated  no  error  is  introduced  in  the  plot- 
ting of  the  A-point  by  the  effect  of  oxygenation  on  the  carbon  dioxide 
capacity  except  with  such  patients  as  have  an  arterial  anoxemia.  It 
will  be  noted  that  all  three  pneumonia  patients  studied  had  arterial 
anoxemia.  It  might  be  argued  that  in  these  cases  it  was  not  legit- 
imate for  us  to  place  an  A-point  from  the  carbon  dioxide  content 
of  their  anoxemic  arterial  blood  upon  a  dissociation  curve  of  fully 
oxygenated  blood.  This  objection  would  hold  except  for  the  inter- 
esting fact  just  discovered  by  Y.  Henderson  that  the  dissociation 
curve  of  oxalated  blood  (that  has  not  been  exposed  to  air)  usually 
shows  no  shift  with  oxygenation  (22).  The  shift  described  by  Chris- 
tiansen, Douglas,  and  Haldane  occurred  in  delibrinated  blood.  This 
finding  of  Y.  Henderson  has  we  understand,  been  confirmed  by 
L.  J.  Henderson  (23).     Its  explanation  is  yet  to  be  discovered,  but 
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it  enables  us  in  the  present  research  to  eliminate  the  effect  of  oxy- 
genation and  reduction,  and  therefore  to  plot  our  A-points  upon  a 
curve  of  fully  oxygenated  blood,  even  though  they  are  plotted  from 
carbon  dioxide  contents  of  anoxemic  bloods. 

We  shall  now  discuss  the  interpretation  of  our  diagrams.  We  might 
repeat  that  our  main  object  is  twofold:  first,  to  discover  acidosis  in  the 
sense  of  diminished  alkali  reserve  as  shown  by  the  level  of  the  curve, 
and,  second,  to  discover  acidosis  in  the  sense  of  altered  blood  reaction 
as  shown  by  the  position  of  the  A-point;  to  distinguish,  in  other  words, 
between  acidosis  compensated  and  acidosis  decompensated,  and  of 
course  to  discover  the  opposite  conditions  of  compensated  and  decom- 
pensated alkalosis  if  such  exist. 

The  curves  obtained  with  the  diabetic  patient  (Curves  3,  4,  and  5) 
show  nothing  particularly  new.  They  illustrate  clearly  a  condition 
of  marked  but  compensated  acidosis;  that  is,  great  reduction  in  avail- 
able alkali  but  perfect  pulmonary  response  with  maintenance  of  normal 
blood  reaction,  and  recovery  therefrom. 

The  curves  obtained  with  the  nephritic  case  are  even  more  striking. 
When  the  first  curve  (Curve  6)  was  obtained  the  patient  undoubtedly 
was  suffering  from  a  decompensated  acidosis.  The  change  in  the 
position  of  the  curve  over  night,  chiefly  due  no  doubt  to  the  alkali  he 
had  received,  is  very  remarkable.  From  a  condition  of  decompen- 
sated acidosis  he  had  passed  really  in  this  brief  interval  to  one  of 
decompensated  alkalosis,  to  use  the  same  terminology. 

The  curves  of  the  three  pneumonia  patients  are  perhaps  more 
illuminating.  Two  of  them  (Curves  8  and  9)  are  within  the  normal 
zone,  showing  that  both  these  patients  had  a  normal  reserve  of  alkali 
and  therefore  presumably  no  abnormal  acid  in  the  blood.  With  both 
of  them  the  A-point  is  displaced  in  the  acid  direction.  The  curve  of 
the  third  pneumonia  patient  (Case  G)  is  at  a  higher  level  than  normal, 
but  like  the  other  two  its  A-point  is  displaced  to  the  right.  These 
A-points  are  plotted  from  the  carbon  dioxide  content  of  the  arterial 
blood.  As  to  their  accuracy,  we  have  already  pointed  out  the  effect 
of  over  or  under  ventilation.  We  have  no  proof  that  the  ventilation 
of  these  patients  was  unaltered  while  we  drew  the  arterial  blood  sam- 
ples. However,  they  were  all  very  ill,  and  took  little  or  no  interest 
in  the  procedure.     Cocainization  prevented  pain,  and  therefore  there 
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seems  good  reason  to  believe  that  no  alteration  in  breathing  occurred. 
There  was  no  holding  of  the  breath  and  no  decrease  in  rate  of  breath- 
ing, none  at  least  that  could  be  told  by  observation.  If  any  change 
occurred  then  it  was  more  likely  an  increase  than  a  decrease.  But 
an  increase  would  move  the  A-point  to  the  left,  which  is  the  oppo- 
site to  what  was  actually  found.  All  things  considered  then,  we  feel 
that  it  is  reasonably  certain  that  the  hydrogen  ion  concentration  of 
the  pneumonia  blood  was  really  altered  in  the  acid  direction. 

In  pneumonia  then  we  may  have  in  critically  ill  patients  a  condition 
in  which  although  the  buffer  of  the  blood  is  quite  normal,  the  reaction 
is  more  nearly  acid  than  normally.  There  is  an  acidosis  in  the  latter 
sense,  but  none  in  the  former.  The  only  explanation  of  this  rather 
paradoxical  state  of  affairs  that  occurs  to  us  is  that  the  condition 
actually  is  one  of  carbonic  acidosis.  A  person  with  no  non-volatile 
acid  present  in  the  blood,  but  with  a  pulmonary  ventilation  insuf- 
ficient to  preserve  the  normal  [H2CO3]  :  [BHCO3]  ratio  would  have  just 
such  a  diagram  as  these  pneumonia  patients.  We  already  know  because 
of  their  arterial  anoxemia  that  they  are  not  getting  o.xygen  properly 
into  their  blood.  It  is  certainly  conceivable  that  in  a  similar  way  they 
are  not  getting  carbon  dioxide  out.  Their  effective  limg  ventilation 
may  be  much  greater  than  normal  and  still  be  insuflicient,  and  it  is 
not  difficult  to  see  how,  because  of  mechanical  limitations  to  the 
respiratory  movements  from  pleurisy  or  through  consolidation  of  the 
lungs,  or  because  of  decreased  permeabiHty  of  the  alveolar  membrane, 
the  output  of  carbon  dioxide  might  be  hindered. 

Henderson  and  Haggard  (24)  have  shown  that  the  reaction  to  in- 
creased carbon  dioxide  is  an  increase  in  the  carbon  dioxide  capacity. 
This  they  observed  in  experimental  morphine  poisoning.  It  is  the 
converse  of  the  reaction  to  non- volatile  acidosis.  In  the  one  case 
the  available  alkali  being  reduced,  the  tension  of  carbon  dioxide  is 
reduced  in  compensation,  while  in  the  other  case  the  tension  being 
increased  the  alkali  is  increased  in  compensation.  It  occurred  to  us 
that  this  might  be  what  was  happening  in  Case  G  (Curve  10).  This 
curve  is  at  a  higher  level  than  normal ,  yet  the  A-point  is  well  to  the  right 
of  the  OC  line.  The  reaction  of  the  blood  then  is  more  nearly  acid  than 
it  should  be,  yet  the  available  alkali  is  greater  than  normal  also.  This 
may  be  an  attempt  at  compensation,  and  it  can  be  seen  that  if  the  car- 
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bon  dioxide  capacity  of  this  blood  increased  only  3  volumes  per  cent 
more,  the  A-point  would  fall  on  the  OC  line.  It  is  probably  only  a 
coincidence,  but  it  is  interesting  to  note  that  this  attempt  at  the  com- 
pensation of  a  carbonic  acidosis  in  this  particular  case  proved  a  good 
prognostic  sign,  for  this  patient  recovered  shortly  afterwards,  while 
the  other  two  died. 

Of  the  curves  of  the  three  cases  of  blood  disease  (Curves  12,  13,  and 
15),  two  showed  a  higher  level  than  normal,  that  of  Case  L  with  pri- 
mary anemia  being  in  the  highest  position  of  all  the  curves  obtained. 
The  curve  of  Case  I  with  myelogenous  leucemia  in  an  aleucemic  stage 
and  with  a  marked  secondary  anemia,  was  also  at  a  lugher  level  than 
normal.  The  A-points  of  these  two  curves  are  also  to  the  left  of  the  OC 
line,  denoting  an  increased  alkalinity  of  the  blood.  The  curve  of 
the  blood  of  the  other  anemic  patient  (Case  J)  is  within  the  normal 
zone;  the  A-point  of  this  curve  was  not  obtained. 

WTiat  may  be  the  significance  of  the  high  level  of  these  curves  in 
anemia  we  do  not  know.  Peters  (21)  tells  us  that  he  has  found  much 
the  same  thing  in  some  of  the  anemic  blood  he  has  studied.  The  dis- 
sociation curve  of  the  blood  plasma  lies  at  a  higher  level  than  does  that 
of  whole  blood  as  shown  by  Hasselbalch  (7)  and  by  Joffe  and  Poulton 
(16),  and  it  may  be  that  the  levels  of  anemic  blood  are  higher  in  part 
because  of  the  greater  proportion  of  plasma  that  they  contain.  For 
the  position  of  the  A-points  of  these  curves  we  also  can  offer  no  expla- 
nation. Both  Curves  12  and  15  are  more  nearly  horizontal  than  ver- 
tical near  the  OC  line.  Hence  an  A-point  plotted  from  tension  would 
be  more  accurate  than  one  plotted  from  content.  That  of  No.  12 
was  plotted  from  tension  and  is,  we  believe,  reasonably  accurate. 
That  of  No.  15  was  plotted  from  content. 

The  two  remaining  curves  are  those  of  Case  K  with  idiopathic  tet- 
any (Curve  14)  and  of  Case  H  with  cerebral  hemorrhage  (Curve  11). 
The  former  was  constructed  to  see  whether  any  evidence  of  a  condi- 
tion of  alkalosis  could  be  found.  None  was  found,  for  the  level  of  the 
curve  is  just  above  the  upper  limit  of  the  normal  zone  and  the  A-point 
on  the  right,  not  on  the  left,  of  the  OC  line.  The  curve  of  Case  H  is,  on 
the  other  hand,  a  little  high  and  the  A-point  shghtly  to  the  left.  The 
single  observation  in  tetany  does  not  prove  very  much  for,  as  has 
been  shown  by  Wilson,  Stearns,  and  Thurlow  (25),  there  are  marked 
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and  rapid  variations  in  the  acid-base  equilibrium  in  tetany,  and  it  is 
possible  that  our  patient  may  have  been  changing  from  a  stage  of 
alkalosis  to  one  of  acidosis  at  the  time  the  blood  was  drawn. 

Considering  the  A-points  of  the  entire  series,  we  fmd  that  they  are 
so  distributed  as  to  indicate  a  range  of  variation  in  the  pH  of  roughly 
from  7.25  to  7.55.  Sonne  and  Jarlov  (26)  calculating  in  a  similar  way 
found  a  range  of  variation  from  7.15  to  7.40,  the  difference  in  the  pH 
of  our  extremes  thus  being  0.30  and  of  theirs  0.25.  Their  highest  hy- 
drogen ion  concentration  was  in  a  case  of  severe  diabetes  mellitus  with 
acetonuria,  and  their  lowest  was  in  a  case  of  chronic  nephritis  with 
hvpertension.  With  the  gas  chain  method  Michaelis  (20)  has  found 
variations  from  7.74  to  7.12,  the  first  being  in  a  case  of  syphilitic 
hemiplegia,  the  second  in  a  case  of  diabetic  coma  just  before  death. 
It  seems  entirely  likely  then  that  our  A-points  are  all  within  a  range 
of  variation  compatible  with  Hfe,  and  that  they  are  not  necessarily 
artifacts. 

As  to  therapeutic  indications  brought  out  by  the  present  study, 
there  are  one  or  two  that  are  worth  mentioning,  in  the  first  place  in 
regard  to  acidosis  such  as  that  presented  by  the  diabetic  (Case  C) 
and  the  nephritic  (Case  D).  WTiile  the  diminution  of  alkali  was  of 
somewhat  the  same  order  of  magnitude,  the  acidosis  of  Case  C  was 
apparently  compensated,  while  that  of  Case  D  was  decompensated.  It 
is  also  of  interest  that  while  Case  C  had  no  appreciable  amount  of 
respiratory  distress  Case  D  had  a  maximum  amount.  This  we  beUeve 
may  in  part  have  been  due  to  the  fact  that  the  latter  was  a  case  of 
decompensated,  while  the  former  was  one  of  compensated  acidosis. 
This  brings  up  the  problem  of  what  are  the  indications  for  alkali 
therapy.  The  curNe  of  Case  C  went  back  towards  normal  with  no 
alkah  administration  in  a  perfectly  satisfactory  way,  and  indeed  it 
is  generally  conceded  now  that  alkali  is  usually  unnecessary  in  th^ 
treatment  of  diabetic  acidosis. 

In  compensated  acidosis  the  return  to  a  normal  level  will  be  accom- 
plished by  the  elimination  of  neutralized  acid  by  the  kidney.  The 
lungs  have  already  done  their  part  in  preserving  blood  reaction.  Un- 
der the  circumstances  it  is  questionable  whether  the  giving  of  alkali 
will  accomplish  any  great  good,  and  indeed  it  is  possible  that  if  too 
much  is  given  it  may  do  haim  by  producing  alkalosis.     The  indica- 
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tion  then  in  compensated  acidosis  would  seem  to  be  rather  to  promote 
elimination  by  the  kidneys  by  giving  fluids  freely,  and,  if,  as  in  dia- 
betes, this  is  coupled  with  fasting  which  would  lessen  the  further  pro- 
duction of  non-volatile  acid,  it  would  seem  to  be  sufficient  therapy. 

In  decompensated  acidosis,  on  the  other  hand,  alkali  administra- 
tion is  probably  indicated,  because  here  there  is  an  insufficient  pul- 
monary response.  The  supply  of  additional  bicarbonate  may  well 
restore  the  [H2CO3]  :  [BHCO3]  ratio  to  a  normal  value;  indeed  with 
Case  D  it  did  more  than  that  and  actually  pushed  his  reaction  to  the 
other  extreme.  That  it  is  desirable  to  restore  blood  reaction  to  nor- 
mal cannot  be  doubted.  All  the  high  hydrogen  ion  concentrations 
have  been  foxmd  in  critically  ill  patients,  who,  in  fact,  were  usually  in 
a  moribimd  state.  On  the  other  hand,  it  is  undoubtedly  quite  as 
important  not  to  overdo  the  alkali  therapy,  as  was  done  with  Case  D. 
A  warning  that  excessive  alkali  therapy  may  be  harmful  has  been 
given  by  Allen,  Stillman,  and  Fitz  (27).  They  believe,  particularly  in 
persons  with  damaged  kidneys,  that  alkali  should  be  used  with  great 
caution.  That  tetany  can  be  produced  after  alkali  administration  is 
in  itself  e\"idence  that  alkalosis  as  well  as  acidosis  may  be  harmful  per 
se  and  equally  to  be  avoided.  The  case  reported  by  Harrop  (28)  of  a 
woman  with  mercuric  chloride  poisoning  who  developed  tetany  and 
showed  a  plasma  bicarbonate  capacity  of  80  volumes  per  cent  after 
the  intravenous  injection  of  60  gm.  of  sodium  bicarbonate  is  particu- 
larly interesting  in  this  regard.  Equally  pertinent  is  the  recent  work 
of  Grant  and  Goldman  (29),  who  succeeded  in  producing  tetany  and 
other  unpleasant  s^Tnptoms  in  themselves  by  prolonged  voluntary 
forced  breathing.  They  were  able  at  the  same  time  to  demonstrate 
a  change  in  the  pH  of  the  blood  in  the  alkaline  direction,  and  had  the 
interesting  situation  of  a  low  position  of  the  dissociation  curve  as 
shown  by  the  alveolar  carbon  dioxide  tension  and  the  carbon  dioxide 
capacity  of  the  plasma,  and  at  the  same  time  a  blood  more  alkaline 
in  reaction  than  normally.  It  really  is  the  diametrically  opposite  con- 
dition to  that  shown  by  our  pneumonia  patient.  Case  G  (Curve  10). 

As  to  the  indications  for  treatment  in  pneumonia,  we  can  only  say 
that  they  would  seem  to  be  to  facilitate  lung  ventilation.  According 
to  our  present  knowledge,  however,  such  indications  can  only  be  indi- 
rectly met.    Measures  which  facilitate  the  mechanics  of  respiration, 
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the  relief  of  pleural  pain,  the  placing  of  the  patient  in  the  upright 
position,  are  of  this  order.  So  too  are  specific  or  other  forms  of  treat- 
ment which  by  reducing  fever  decrease  the  metabolism,  and  hence  the 
carbon  dioxide  output,  and  so  decrease  the  amount  of  ventilation  nec- 
essary to  preserve  the  normal  acid-base  ratio.  As  Hoover  (30)  has 
pointed  out,  anoxemia  may  or  may  not  be  relieved  by  oxygen  admin- 
istration, but  in  any  event  difficulties  in  carbon  dioxide  elimination 
cannot  be  so  relieved,  and  consequently  it  seems  unlikely  that  oxj'gen 
administration  will  have  any  great  beneficial  effect  in  the  treatment  of 
pneumonia.  Several  years  ago  Newburgh,  Means,  and  Porter  (31) 
showed  that  the  respirator^'  center  gradually  faUs  during  the  course  of 
experimental  pneumonia.  It  has  also  been  shown  by  Da\aes,  Hal- 
dane,  and  Priestley  (32)  that  resistance  to  breathing  actually  causes 
fatigue  of  the  center.  It  is  possible  that  this  failure  was  in  part  due 
to  such  fatigue,  the  fatigue  resulting  from  an  incompletely  successful 
respirator}'  effort  to  overcome  a  tendency  towards  carbonic  acidosis. 

SUMMARY. 

Carbon  dioxide  diagrams  (Haggard  and  Henderson  (9))  have  been 
constructed  for  the  blood  of  a  series  of  hospital  patients  as  a  method 
of  studjong  disturbances  in  their  acid-base  equilibrium. 

A  diabetic  with  a  low  level  of  blood  alkali,  but  with  a  normal  blood 
reaction,  a  compensated  acidosis  in  other  words,  showed  a  rapid  return 
towards  normal  with  no  treatment  but  fasting  and  increased  water 
and  salt  intake. 

A  nephritic  wath  a  decompensated  acidosis  and  a  \"er}'  low  blood 
alkali  was  rapidly  brought  to  a  condition  of  decompensated  alkalosis 
with  a  high  blood  alkah  by  the  therapeutic  administration  of  sodium 
bicarbonate. 

It  is  suggested  that  the  therapeutic  use  of  alkali  in  acidosis  is  proba- 
bly only  indicated  in  the  decompensated  variety,  and  that  there  it 
should  be  controlled  carefully  and  the  production  of  alkalosis  avoided. 

The  diagram  obtained  in  three  pneumonia  patients  suggested  that 
they  were  suffering  from  a  condition  of  carbonic  acidosis,  due  perhaps 
to  insufficient  pulmonary  ventilation. 

In  two  out  of  three  cases  of  anemia  the  dissociation  curve  was  found 
to  lie  at  a  higher  level  tlian  normal.  Xo  explanation  for  this  finding 
was  offered. 
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Since  the  original  observations  on  streptolysin  by  Marmorek  (1) 
in  1902,  there  has  been  much  discussion  concerning  the  relation 
between  the  hemolytic  property  and  the  pathogenicity  of  streptococci. 
Clinical  and  laboratory  studies  have  been  made,  but,  due  to  the 
complexity  of  the  problem,  the  opinions  arrived  at  have  been  contra- 
dictory. In  1914,  M'Leod  (2)  reviewed  the  literature,  and  although 
he  believed  that  there  was  an  intimate  connection  between  hemolytic 
power  and  virulence,  he  considered  that  there  had  been  no  solution 
of  the  problem  which  had  been  generally  accepted.  To  attempt 
a  solution  of  the  problem  purely  on  a  clinical  basis  is  obviously  impos- 
sible on  account  of  the  great  variations  in  susceptibility  of  individuals 
to  infection.  This  is  undoubtedly  the  reason  that  observations 
depending  on  the  course  of  any  infection  as  an  indication  of  patho- 
genicity have  led  to  such  indefinite  and  opposed  conclusions.  If  it 
is  possible  to  estabHsh  definite  facts  in  the  laboratory  under  constant 
environment  suitable  for  the  growth  of  the  bacteria,  the  same  methods 
can  probably  be  appHed  to  the  clinical  phase  of  the  problem. 

The  ideal  laboratory  experiment  has  been  indicated  by  M'Leod 
(3).  Briefly,  it  consists  in  testing  the  hemolytic  power  of  the  strepto- 
coccus in  vivo;  there  are,  however,  no  trustworthy  methods  with  which 
this  procedure  can  be  accurately  carried  out.  The  obvious  substitute 
is  to  observe  the  hemolytic  titer  of  virulent  strains  in  the  serum  of  the 
animal  for  which  they  are  pathogenic.  We  attempted  to  use  rabbits 
in  this  manner  but  had  great  difficulty  in  obtaining  strains  which  were 
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of  constant  virulence,  and,  furthermore,  it  was  found  that  the  hemo- 
lytic titers  of  cultures  growing  in  rabbit  serum  varied  considerably. 
In  fact  the  only  medium  which  gave  consistent  maximum  titers  was 
20  per  cent  horse  serum  broth.  Owing  to  these  difficulties  we  have 
attempted  first  to  determine  the  relation  between  pathogenic  and 
non-pathogenic  strains  in  respect  to  their  lytic  power,  when  they  are 
grown  in  the  serum  of  an  animal  for  which  their  virulence  has  not 
been  especially  increased. 

Method. 

Media. — The  character  of  the  media  employed  is  undoubtedly  the 
most  important  essential  for  the  production  of  strong  hemolysin. 
Beef  infusion  broth  to  which  horse  serum  had  been  added  to  20  per 
cent  of  the  volume  was  found  to  be  the  most  satisfactory^  for  the 
comparison  of  various  strains.  If  the  broth  is  made  with  2  per  cent 
peptone  the  titers  are  quite  constant  in  different  experiments  with 
the  same  streptococcus.  To  ensure  uniformity  all  the  media  used 
in  this  series  were  made  at  the  same  time  from  the  same  lot  of  beef 
infusion.  They  were  titrated  so  that  the  pH  was  7.6  after  sterilization, 
and  were  distributed  in  quantities  of  80  cc.  in  250  cc.  Pyrex  flasks. 
The  horse  serum  was  obtained  from  the  same  horse  in  each  instance. 
While  it  was  still  fresh  20  cc.  were  added  to  each  flask.  The  contents 
of  the  flasks  were  then  inactivated  at  56°C.  on  3  successive  days  and 
stored  on  ice  until  used.  In  this  way  it  was  possible  to  grow  the 
cultures  under  conditions  in  which  the  available  protein  substances 
and  the  antihemolysins  were  constant. 

Seeding  and  Bacterial  Counts. — The  second  factor  which  may  vary 
sufficiently  to  destroy  the  accuracy  of  the  results  is  the  nature  of  the 
seeding.  According  to  De  Kruif  and  Ireland  (4)  young  cultures 
produce  streptolysin  more  rapidly  than  those  which  have  ceased  to 
grow  actively.  Since  it  had  been  previously  found  (5)  that,  under  the 
conditions  which  we  employed,  the  period  of  active  growth  ceased 
after  about  16  hours,  the  flasks  were  seeded  with  horse  serum  broth 
cultures  from  14  to  18  hours  old.  The  seeding  was  controlled  by 
counting  a  dilution  of  bacteria  in  a  weak  aqueous  solution  of  methylene 
blue.  A  Helber  counting  chamber  with  a  thin  cover-glass  was  used 
so  that  the  count  could  be  made  with  either  a  high  power  dry  lens 


F.   A.    STEVENS,   J.    W.    S.    BRADY,   AND   R.   WEST  225 

or  with  an  oil  immersion  lens.  The  chains  of  bacteria  were  counted 
and  the  average  number  of  individuals  in  each  group  was  estimated 
by  counting  the  cocci  in  a  film  made  from  the  dilution  pipette.  It 
was  possible  to  approximate  the  number  of  cocci  in  each  cubic  centi- 
meter of  the  culture  used  for  seeding  by  this  method.  On  account 
of  the  inaccuracy  of  the  bacterial  counts  each  experiment  was  done  in 
duplicate  or  triplicate  by  seeding  several  flasks  so  that  they  contained 
approximately  1,  5,  and  10  million  per  cc.  The  flasks  were  counted 
a  second  time  before  incubation  by  the  dilution  and  plating  method 
described  in  a  previous  article  (5),  and  the  growth  of  the  cultures  was 
followed  at  intervals  in  a  similar  manner.  It  was  impossible  to  count 
the  streptococci  with  any  great  degree  of  accuracy,  but  by  seeding 
several  flasks  with  varying  numbers  of  cocci,  a  comparable  growth 
was  obtained  in  at  least  two.  After  several  experiments  it  was  found 
that  the  counts  were  unnecessary  because  in  the  tests  in  which  the 
flasks  were  seeded  within  a  fairly  close  range,  the  minimum  hemo- 
lytic dose  was  the  same  in  each  flask  of  the  triplicate  experiments. 
Hemolysin  Titers. — Hemolysis  was  detennined  with  the  supernatant 
fluid  obtained  after  centrifuging  a  portion  of  the  culture  at  high  speed 
for  10  minutes.  The  supernatant  fluid  was  set  up  in  a  series  of  tubes 
with  1  cc.  of  5  per  cent  mouse  cells  washed  and  suspended  in  isotonic 
salt  solution.  The  smallest  quantity  of  fluid  necessary  to  hemolyze 
these  cells  completely  without  leaving  sediment  was  caUed  the  titer 
of  the  culture.  These  determinations  were  made  throughout  the 
experiment,  but  more  frequently  during  the  time  that  streptolysin 
production  was  at  a  maximum.  Since  it  is  impossible  to  compare 
titers  with  different  suspensions  of  red  cells,  a  sufficient  quantity  was 
prepared  to  complete  a  single  experiment.  The  character  of  the  red 
ceUs  does  not  change  sufficiently  when  they  are  suspended  in  isotonic 
salt  solution  to  vitiate  results  obtained  within  a  period  of  16  to  18 
hours  after  the  cells  are  placed  in  suspension.  The  titers  obtained 
by  these  methods  were  practicaUy  constant  for  each  strain. 

EXPERIMENTAL. 

Five  strains  of  beta  type  streptococci  obtained  from  acute  human 
infections,  in  some  instances  from  the  blood  stream  and  in  others 
from  pleural  exudates,  were  used.     They  conformed  to  the  Strepto- 
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COCCUS  pyogenes  of  Holman  (6)  and  gave  a  final  hydrogen  ion  con- 
centration of  pH  4.9  to  5.2  in  glucose  broth.  Before  these  strains 
were  used  for  the  present  experiments  they  were  stored  .on  blood  agar 
and  transplanted  at  frequent  intervals  during  a  period  of  several 
months,  in  order  that  they  might  lose  their  original  virulence  for 
animals. 

At  the  beginning  of  the  experimental  work  the  invasive  power  of 
each  strain  was  determined  on  mice  of  approximately  the  same 
weight.  They  were  then  passed  through  mice  by  intraperitoneal 
injection  and  obtained  in  pure  culture  from  the  heart's  blood.  The 
doses  were  regulated  so  that  the  animals  died  within  24  hours.  After 
each  passage  the  strain  was  transferred  to  rabbit  blood  agar  in  the 
second  subculture.  WTien  each  streptococcus  was  sufTiciently  invasive, 
the  avirulent  and  virulent  forms  were  transplanted  from  the  blood 
agar  tubes  into  horse  serum  broth,  then,  after  an  interval  of  14  to 
18  hours,  the  trial  flasks  of  bouillon  were  seeded  with  the  necessary 
quantities  of  these  cultures.  In  this  way  the  streptolysin  production 
was  determined  with  actively  growing  cocci  which  were  accustomed 
to  the  media  in  which  the  test  was  made.  After  the  hemolysin  tests, 
the  virulence  of  the  streptococci  was  again  determined  on  mice  with 
the  corresponding  subcultures  from  the  stock  media. 

Experiment  1. — Strain  J,  which  had  been  in  stock  culture  for  2  months  was 
passed  through  twenty  mice.  At  the  end  of  the  passages  the  original  culture 
and  the  virulent  mouse  strain  were  grown  in  horse  serum  broth  and  seeded  into 
100  cc.  flasks  of  media.  The  seedings  were  made  so  that  there  were  three  flasks 
for  each  strain  containing  approximately  1,  5,  and  10  million  cocci  per  cc.  The 
bacterial  counts  (Te.xt-fig.  1)  and  the  hemolysins  were  determined  at  frequent 
intervals  until  after  the  maximum  streptolysin  production  had  occurred.  The 
pathogenicity  for  mice  was  determined  immediately  after  the  experiment,  with  a 
24  hour  plain  broth  culture  of  Strains  J(0)5  and  J(20)5.'  The  results  of  the  tests 
are  shown  in  Tables  I  and  II. 

Experiments  2  to  5. — The  previous  experiment  was  repeated  with  Strains  K, 
M,  R,  and  S.  Only  two  seedings  were  used  for  each  strain,  however,  one  of  1 
and  one  of  10  million  cocci  per  cc.  Table  III  summarizes  the  maximum  titers, 
the  hour  at  which  they  occurred  during  the  growth  of  the  culture,  and  the  patho- 
genicity of  the  various  strains  for  mice. 

^The  strains  have  been  indicated  by  letters,  the  number  of  passages  by  a 
figure  in  parentheses,  and  the  subculture  by  the  second  numeral. 
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TABLE   I. 
Streptolysin  Production  by  Strain  J. 


Interval. 


1  million.* 


Count. 


Titer,  t 


S  million. 


Count. 


Titer. 


10  million. 


Count. 


Titer. 


Strain  J(0)5,  not  passed  through  animals. 


hrs. 

cc. 

cc. 

cc. 

0 

1.1(10«)| 

0.0 

5.5  (10«) 

0.0 

1.1  (10') 

0.0 

^ 

5.0(10') 

0.0 

4.7  (10«) 

0.0 

6.0  (10^) 

06 

6 

0.02 

0.04 

0  04 

^i 

1.0(10') 

1.3  (10») 

1.0(10') 

s 

0.06 

0.08 

O.OS 

10 

0.06 

0.2 

0  IS 

12 

8.0  (108) 

7.5  (10«) 

2.0(10') 

Strain  J(20)5,  after  passage  through  animals. 


0 

2.4  (10«) 

0.0 

1.2  (10') 

0.0 

2.4  (10') 

0.0 

4 

1.5  (10') 

0.0 

7.3  (10') 

0.0 

5.6(108) 

0  0 

5^ 

0.4 

0.06 

O.OS 

7 

0.4 

0  04 

0  04 

8 

6.5  (108) 

1.6(10') 

7.8  (108) 

9 

0.04 

0.06 

0.06 

11 

9.8  (108) 

0.04 

7.0  (108) 

S.l  (108) 

12 

0.06 

*  The  counts  designated  in  millions  were  calculated  from  the  direct  counts 
used  for  seeding.    The  others  are  expressed  in  powers  of  ten. 

t  The  titers  are  the  smallest  amounts  of  the  supernatant  fluid  which  com- 
pletely hemolyzed  1  cc.  of  the  cell  suspension  after  1  hour  at  37°C. 

X  AU  counts  in  the  columns  were  made  from  dilutions  and  plates. 


TABLE   II. 
Patlwgenicity  of  Strain  J  for  Mice. 


Strain. 

Quantity  of  culture. 

Length  of  time 
animal  survived. 

cc. 

hrs. 

No.  J(0)5,  not  passed  through  animals. 

1.4 

18 

1.2 

18 

1.0 

(Recovered.) 

0.8 

u 

0.6 

«t 

No.    J(20)5,    after    passage    through 

0.2 

17 

animals. 

0.1 

17 

0.08 

17 

0.06 

18 

0.02 

(Recovered.) 

Strain  J  (20)  5. 
Strain  J  (0)  5. 


Text-Fig.  1.  Comparison  of  the  growth  and  of  hemolysin  production  by 
Strain  J  before  and  after  mouse  passage.  The  counts  are  charted  logarithmically. 
Curves  a  and  a'  give  the  results  obtained  with  original  seedings  of  1  million, 
Curves  b  and  b'  with  original  seedings  of  5  miOion,  and  Curves  c  and  c'  OTth 
original  seedings  of  10  million. 
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TABLE   III. 
Streptolysin  Production  and  Pathogenicily  for  Mice  of  Strains  J,  K,  M,  R,  and  S. 


Strain  No. 

Seeding. 

Titer. 

Time  at  which 

maximum  titer 

occurred. 

Pathogenicity.* 

millicn\ 

«. 

hrs. 

cc. 

J(0)5 

1 

0.02 

6 

1.2 

5 

0.04 

6 

10 

0.04 

6 

"  (20)5 

1 

0.04 

9 

0.06 

5 

0.04 

7 

10 

0.04 

7 

K(0)2 

1 

0.04 

7i 

1.0 

10 

0.04 

n 

"(17)2 

1 

0.04 

12 

0.1 

10 

0.04 

12 

M(0)4 

1 

0.04 

10 

X 

10 

0.02 

8 

"  (19)4 

1 

0.02 

8 

0.5 

10 

0.02 

8 

R(0)4 

1 

0.04 

8 

0.4 

10 

0.01 

8 

"  (19)4 

1 

0.02 

8 

0.03 

10 

0.04 

8 

S(0)2 

1 

0.04 

6J 

1.0 

10 

0.04 

(>h 

"(17)2 

1 

0.04 

10 

0.2 

10 

0.04 

8 

*  The  pathogenicity  is  indicated  by  the  smallest  quantity  of  a  24  hour  broth 
culture  fatal  to  mice  in  24  hours. 

t  Based  on  direct  counts  and  controlled  by  dilution  and  plating. 
X  Animals  survived  doses  of  5  to  10  cc.  of  centrifuged  culture. 


DISCUSSION. 

From  the  results  of  these  experiments  it  appears  that  both  the 
virulent  and  avirulent  types  of  each  strain  produce  approximately 
the  same  maximum  titer  at  some  time  during  the  growth  of  the 
cultures.  Grown  under  the  conditions  previously  described  the 
strains  have  yielded  titers  in  the  majority  of  instances  of  0.04  cc. 
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It  is  not  to  be  expected  that  various  experiments  can  be  compared 
in  this  respect,  when  they  are  carried  out  on  different  days  with 
different  red  cell  suspensions.  The  quantities  of  culture  fluid  required 
to  hemolyze  the  cell  suspension  in  any  one  experiment  are  fairly 
consistent,  with  the  exception  of  one  in  which  Strain  R  was  used  in 
seeding.  A  certain  degree  of  variation  can  be  anticipated  because 
of  the  difficulty  experienced  in  reading  the  last  completely  hemolyzed 
tube  in  a  series  graded  in  0.01  cc.  With  two  of  the  five  strains,  M 
and  R,  the  peaks  of  the  hemolysin  curves  were  simultaneous  in  the 
cultures  of  both  the  virulent  and  less  virulent  forms.  With  Strains 
J,  K,  and  S  the  former  lagged  from  1  to  4^  hours.  This  lag  was 
apparently  due  to  the  fact  that  the  more  virulent  strains  grew  more 
slowly  during  the  first  hours  of  incubation.  This  fact  was  e\'ident 
from  the  amount  of  cloudiness  in  the  flasks  as  well  as  from  the  plate 
counts.  In  the  two  instances  in  which  the  highest  points  of  the 
hemolysin  curves  were  reached  simultaneously,  the  cultures  of  the 
strains  which  had  not  been  passed  through  animals  were  moderately 
hemolytic  for  some  time  before  the  other  flasks  had  any  destructive 
action  on  red  cells. 

CONCLUSION. 

Strains  of  streptococci  whose  virulence  has  been  increased  for  any 
one  species  of  animal  do  not  produce  greater  concentrations  of  hemo- 
lysin than  the  original  strain.  Furthennore,  there  is  a  tendency  for 
the  original  culture  to  grow  more  rapidly  than  the  more  pathogenic 
form,  and  to  reach  the  height  of  hemolysin  production  at  an  earlier 
stage  during  the  growth  of  the  culture.  These  conclusions  can  prob- 
ably be  applied  only  to  experiments  in  which  the  serum  used  in  the 
media  is  from  some  species  not  employed  for  the  animal  passages. 
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QUANTITATIVE    DISTRIBUTION    OF    PARTICULATE    MA- 

TERT\L    (]NL\NG.\NESE    DIOXIDE)    ADMINISTERED 

INTR.WENOUSLY  TO  THE  DOG,  RABBIT,  GUINEA 

PIG,  RAT,  CHICKEN,  AND  TURTLE. 

By  CIL\RLES  C.  LUND,  M.D.,  LOUIS  A.  SHAW,  and  CECIL  K.  DRINKER,  M.D. 
{From  the  Laboratory  of  Applied  Physiology  of  Harvard  Medical  Sc/tool,  Boston.) 

(Received  for  publication,  November  11.  1920.) 

The  convenient  method  for  manganese  determination  developed 
by  Reiman  and  iMinot  (1)  has  been  utilized  by  Drinker  and  Shaw  (2) 
in  a  series  of  observations  upon  the  distribution  of  finely  di\dded 
manganese  dioxide  introduced  intravenously  in  the  cat.  A  discussion 
of  the  extensive  literature  upon  the  intravenous  injection  of  insoluble 
foreign  particles,  together  with  a  detailed  description  of  the  technique 
employed  in  their  experiments,  will  be  found  in  the  latter  paper. 
Since  plans  for  future  work  have  made  necessary  the  use  of  other 
laboratory'  animals  than  the  cat,  and  since  the  possibility  of  differ- 
ences between  species  in  the  ability  to  clear  the  blood  stream  of  foreign 
material  has  been  insufficiently  investigated,  a  similar  study  to  that 
made  by  Drinker  and  Shaw  (2)  with  the  cat  was  undertaken  with 
other  common  laboratory  animals.  The  results  are  reported  in  the 
present  paper. 

EXPERHIENTAL. 

The  suspensions  of  manganese  dioxide  employed  contained  no 
particles  above  1  micron  in  size,  and  on  anatysis  varied  in  manganese 
content  from  0.140  to  0.903  mg.  of  manganese  per  cc.  The  number 
of  particles  varied  between  2.5  and  5  billion  per  mg.  of  manganese. 
Tissues  to  be  analyzed  were  taken  from  the  body  immediately  after 
the  animal  had  been  bled  to  death,  and  the  results  are  expressed  in 
milligrams  of  manganese  per  100  gm.  of  wet  tissue.  The  results  of 
Bertrand  and  Medigreceanu  (3),  with  work  of  Reiman  and  Minot 
(1)  and  with  analyses  made  by  ourselves,  indicate  that  the  normal 
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manganese  content  of  the  tissues  reported  in  this  paper  is  negligibly 
small.  The  amounts  shown  in  Table  I  are  of  no  significance  in  view 
of  the  comparatively  large  injections  made  —  large  enough  to  assure 
detection  of  manganese  in  any  organs  in  which  manganese  dioxide 
particles  lodge. 

In  all  instances  injections  of  manganese  dioxide  suspensions  were 
made  under  urethane  anesthesia,  and  in  the  dog  and  rabbit  records 
of  blood  pressure  and  respiration  show,  as  in  the  cat  (2) ,  that  no  toxic 

TABLE  I.  ■ 
Average  Normal  Manganese  Content  per  100  Gm.  of  Wet  Tissue. 


Organ. 


Liver 

Spleen 

Brain 

Stomach 

Small  intestine . . 

Colon 

Cecum  and  appendix 

Kidney 

Lung 

Muscle 

Bone 

Urine 

Blood 


Amount  of  manganese  per  100  gm.  of  wet  tissue. 


Fifteen 

cats. 


mg. 

0.341 
0.069 
0.035 
0.046 
0.044 
0,086 

0.136 
0.031 
0.025 

0.000 
0.000 


Eight 
dogs. 


0.238 
0.022 
0.044 
0.043 
0.028 
0.080 

0.087 
0.023 
0.020 

0  000 
0.000 


Eight 
rabbits. 


mg. 
0.178 
0.054 
0.062 
0.059 
0.068 
0.099 
0.043 
0.147 
0.036 
0.022 
0.101 
0.000 
0.000 


Two 

guinea 

pigs. 


mg. 

0.371 


0.137' 


0.000 
0.000 
0.043 


Two 
rata. 


mg. 
0.326 


0.099" 


0.110 
0.000 
0.000 


Two 
chickens. 


mg. 
0.311 


0.051' 


0.124 
0.000 
0.030 


Two 
turtles. 


mg. 
0.119 


0.061' 


0.000 
0.016 


*  Entire  intestinal  tract. 


symptoms  attend  such  injections.  WTiile  records  were  omitted  dur- 
ing the  injection  of  the  smaller  animals  no  unfavorable  symptoms 
were  noted. 

The  injected  animals  were  killed  by  bleeding  to  death  from  the 
carotid  arteries  at  the  end  of  1  hour.  Organs  for  analysis  were  at 
once  removed,  weighed  wet,  and  the  manganese  content  was  recorded 
in  miUigrams  per  100  gm.  of  tissue.  Drinker  and  Shaw  (2)  found  for 
the  cat  that  the  liver,  lungs,  and  spleen  are  the  points  of  maximum 
lodgnaent,  and  our  observations  indicate  that  this  is  also  true  for 


C.    C.    LUND,    L.    A.    SHAW,   AND   C.    K.   DRINKER 


233 


other  animals.  Table  II  shows  the  smaU  amounts  removed  by 
tissues  exclusive  of  the  liver,  lungs,  and  spleen  in  the  rabbit.  Table 
III  presents  the  percentages  of  injected  manganese  deposited  in  the 
liver,  lungs,  and  spleen  of  the  animals  employed.  A  column  is  also 
included,  which  obviously  cannot  be  completely  accurate,  to  represent 
the  traces  found  in  the  blood,  and  a  final  column  represents  the 
percentage  of  injected  material  deposited  in  other  organs  than  those 

TABLE   II. 

Distribution  of  Manganese  in  Tissues  Exclusive  of  the  Liver,  Lungs,  and  Spleen  in 
the  Rabbit  after  the  Intravenous  Injection  of  Manganese  Dioxide. 

Weight  2.6  kilos.  Mar.  9,  1920.  Injection  of  13.6  cc.  of  manganese  dioxide 
suspension  containing  19.3  mg.  of  manganese  per  100  cc.  Total  injection  2.62 
mg.  of  manganese. 


Organ. 

Amount  of  man- 
ganese recovered. 

Per  cent  of 

injected  manganese 

recovered. 

Brain                     .             

mg. 

0.000 

0.000 

0.031 

0.013 

0.000 

0.007 

0.004* 

0.002 

0.022 

0.00 

Stomach                   

0.00 

Small  intestine     

1.2 

0.5 

Cecum  and  anDendix                 

0.00 

0.3 

Bone                                 

2.2t 

Heart                       

0.1 

Blood    .           

0.7t 

Total                           

0.079 

5.0 

*  Tibia. 

t  Bone  weight  of  body  calculated  at  5  per  cent  of  body  weight. 

I  Blood  weight  of  body  calculated  at  7  per  cent  of  body  weight. 


chiefly  concerned  in  removing  foreign  particles  from  the  blood  stream. 
The  latter  amount  varies  between  19  per  cent  in  one  guinea  pig  and 
2  per  cent  in  one  rat.  It  is  impossible  to  foretell  why  such  variations 
occur  and  where  the  manganese  will  be  found.  In  the  rabbit  even 
during  the  1st  hour  following  injection  there  is  a  variable  degree  of 
excretion  in  the  bile.  Some  of  this  manganese  is  thus  included  in 
analyses  of  the  duodenum  and  jejunum.     The  intestinal  wall  of  all, 
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the  animals  studied  shows  small  and  very  variable  amounts  of  deposi- 
tion.   The  same  is  true  of  muscle  and  kidney. 

Text-fig.  1  is  a  graphic  representation  of  the  data  from  Table  III. 
The  most  striking  feature  of  the  figure  is  that  the  lungs  of  the  cats 
contain  practically  50  per  cent  of  the  manganese  1  hour  after  injec- 
tion, while  the  lungs  of  all  the  other  animals  contain  minute  amounts, 
Dog  1  with  14  per  cent  being  the  single  exception  to  this. 


TABLE   III. 

Distribution  oj  Manganese  1  Hour  after  the  Intravenous  Injection  of  Manganese 

Dioxide. 


Animal. 


Amount 
of  man- 
ganese 
injected. 


Average  for  twenty  cats 

Rabbit  1 

"      2 

"      3 

Dogl 

"    2 

«    3 

Guinea  Pig  1 

"         "2 

Rat  1 

"    2 

Chicken  1 

2 

Turtle  1 

"      n 


mg. 

7.98 
6.18 
2.71 

83.5 

45.2 

67.7 
2.03 
2.34 
1.34 
0.83 
4.36 
2.82 
1.13 
1.0 


Per  cent  of  injected  manganese  recovered. 


In 
liver. 


38.3 
81.0 
81.0 
85.6 
64.0 
83.0 
79.0 
76.0 
85.0 
94.0 
98.0 
84.0 
84.0 
94.0 
88.0 


In 
lungs. 


47.0 
1.2 
0.2 
0.52 

14.0 
3.7 
2.0 
2.1 
0.8 
0.5 
0.6 
0.0 
0.4 
3.0 
7.5 


In  spleen. 

In       1 
blood.* 

4.7 

0.0 

0.8 

0.6 

2.5 

0.7 

0.55 

0.0 

2.0 

3.9 

2.1 

2.1 

4.0 

0.9 

1.7 

1.2 

1.4 

0.3 

1.9 

0.0 

0.0 

0.0 

1.7 

0.0 

1.7 

0.0 

No  analysis. 

0.0 

It          ii 

0.0 

In  other 
organs. 


10.0 

16.5 

15.4 

13.3 

16.1 

9  1 

14.1 

19.0 

12.5 

3.6 

2.0 

14.3 

13.9 

3.0 

4.5 


*  Blood  weight  calculated  at  7  per  cent  of  body  weight. 

In  the  animals  whose  lungs  removed  less  of  the  suspension  from  the 
circulating  blood  the  liver  removed  more  manganese  so  that  the 
amount  scattered  among  the  other  tissues  was  very  little  greater  or 
was  even  less  than  in  the  cats. 

In  Text-fig.  2  the  distribution  of  manganese  dioxide  12  hours  after 
injection  in  the  cat  is  shown.  At  this  period  the  animal  had  lost  the 
high  lung  concentration  which  was  observed  1  hour  after  injection. 
The  material  had  accumulated  in  the  liver,  from  which  it  slowly 
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escaped  through  the  bile.  With  the  rabbit  and  guinea  pig  killed  15 
minutes  after  injection,  no  difference  was  found  in  distribution  of 
manganese  dioxide  from  that  shown  in  Text-fig.   1.     These  animals, 
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Text- Fig.  1.  Distribution  of  manganese  in  the  organs  of  animals  1  hour  after 
the  intravenous  injection  of  manganese  dioxide. 


therefore,  unlike  the  cat  do  not  go  through  the  stage  of  deposition 
in  the  lungs  and  final  collection  in  the  liver,  but  the  foreign 
material  is  at  once  localized  where  its  removal  from  the  body  is  best 
accomplished. 
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Text-Fig.  2.  Distribution  of  manganese  in  the  organs  of  a  cat  12  hours  after 
the  intravenous  injection  of  manganese  dioxide. 


DISCUSSION   AND   CONCLUSIONS. 

The  experiments  presented  may  be  contrasted  with  but  little  other  work  with 
injected  particles,  since  previous  experimentation  has  lacked  any  quantitative 
basis.  Voigt  (4)  has  published  a  series  of  papers  on  the  distribution  of  colloidal 
silver  and  colloidal  silver  iodide.  He  determined  the  distribution  both  chemically 
and  microscopically.  His  suspensions  differed  from  ours  in  several  ways.  In  the 
first  place,  the  individual  particles  of  his  suspensions  were  much  finer,  having  an 
average  diameter  of  IS  to  20  micromicrons  in  contrast  to  the  0.6  to  1  micron  diam- 
eter of  the  manganese  dioxide  particles  used  in  the  present  study.  Also,  the  con- 
centration of  Voigt's  suspensions  was  far  greater,  ranging  from  10  to  50  per  cent 
in  contrast  to  0.015  to  0.09  per  cent  in  our  work.  Furthermore,  someof  his  sus- 
pensions must  have  shown  agglutination,  since  he  found  emboli  in  the  lungs  of 
rabbits.  In  spite  of  these  differences,  three  rabbits,  killed  at  a  longer  interval  fol- 
lowing injection  than  the  animals  in  our  experiments,  displayed  0.2,  5.1,  and  3.7 
per  cent  of  the  injected  material  in  the  lungs,  out  of  a  total  of  38,  89,  and  63 
per  cent  recovered  on  analysis  of  aU  tissues. 
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In  the  same  experiments  the  Uvers  contained  respectively  35,  80.7,  and  51.8  per 
cent  of  the  material  injected.  These  rather  rough  results  agree  with  our  own 
and  confirm  the  indication  that  in  the  rabbit  the  lungs  play  a  very  minor  part  in 
clearing  the  blood  of  foreign  particles. 

More  recently  Duhamel  (5)  has  published  a  brief  note  upon  injections  into 
rabbits  of  colloidal  platinum,  selenium,  mercury,  copper,  and  iron.  On  chemical 
analysis  he  found  a  large  proportion  of  the  injected  material  in  the  liver.  Again 
the  individual  particles  were  very  small  but  the  function  of  the  hver  in  removing 
them  from  the  circulation  is  obvious. 

It  has  been  recognized  for  many  years  that  soluble  salts  of  the  heavy  metals 
are  deposited  from  the  blood  in  the  liver,  and  that  this  deposition  plays  an  im- 
portant part  in  the  removal  of  such  salts  from  the  body.  Clearly,  the  organ  oper- 
ates with  an  equal  degree  of  efficacy  in  the  case  of  particles  up  to  1  micron  in 
diameter,  and  probably  would  do  so  with  even  larger  sizes,  though  as  yet  we  have 
no  data  upon  the  subject. 

As  Drinker  and  Shaw  (2)  have  discussed  much  of  the  bacteriological  work 
relating  to  removal  of  organisms  from  the  blood  stream,  it  is  only  necessary  here 
to  mention  such  data  as  display  differences  between  the  lung  element  in  the 
reaction.  Bartlett  and  Ozaki  (6),  using  histological  methods  for  detection, 
found  larger  numbers  of  staphylococci  in  the  lungs  of  dogs  and  rabbits  killed  1  to 
30  minutes  after  injection  than  in  other  organs.  By  the  end  of  an  hour  fewer 
bacteria  were  detected  in  the  lungs  than  in  the  liver  and  spleen.  Arima  (7)  found 
few  bacteria  {St<iphylococcus  aureus,  B.  coli,  and  B.  typhosus)  in  the  lungs  of 
rabbits  1  hour  after  injection.  Kyes  (8)  found  few  pneumococci  in  the  lungs  of 
pigeons.  These  observations,  with  the  exception  of  those  of  Bartlett  and  Ozaki 
(6),  agree  well  with  our  findings  in  the  case  of  manganese  dioxide  particles.  It 
is  only  possible  to  express  a  rough  opinion  as  to  quantities  of  material  on  the 
basis  of  histological  examination,  and  we  are  thus  incUned  to  believe  that  the 
atypical  results  of  Bartlett  and  Ozaki  (6)  represent  an  error  in  judgment  and  do 
not  affect  the  facts  of  the  case. 

The  most  important  and  conclusive  work  with  bacteria  is  that  of  Hopkins 
and  Parker  (9).  They  found  a  marked  difference  in  distribution  of  streptococci 
injected  intravenously  into  cats  and  rabbits.  Using  comparatively  accurate 
cultural  methods  they  found  the  following  distribution  of  streptococci  10  mmutes 
after  injection. 

The  result  is  in  confonnity  with  that  obtained  in  the  present  study 
for  manganese  dio.xide  particles  of  approximately  the  same  size  as 
streptococci.  It  is  not  known  why  the  cat  and  the  rabbit  display 
these  differences,  but  fortunately  the  cat  is  unique  among  the  labo- 


238 


MANGANESE  DIOXIDE   ADMINISTERED   INTRAVENOUSLY 


Organ. 

No.  of  streptococci 

)cr  0.1  gra.  of  tissue 

In  cat 

In  rabbit. 

1-ung        

315,000 

34,000 

18,000 

100 

500 

8 

27 

26 

41,000 
10-1,000 
120,000 

Kidney     

0 

Bone  marrow 

1,500 

Pectoralis 

Blood 

ratory  animals  tested  and  is  seldom  used  for  bacteriological  work. 

SUMMARY. 

The  distribution  of  manganese  dioxide  particles  1  hour  following 
intravenous  injection  in  cats,  dogs,  rabbits,  guinea  pigs,  rats,  chickens, 
and  turtles  is  described.  This  distribution  is  remarkably  constant 
for  all  the  animals  tested,  except  the  cat,  in  which  the  injected  material 
is  practically  equally  divided  between  the  lungs  and  liver.  In  the 
other  animals  the  liver  performs  the  main  share  of  the  work,  and  in 
the  cat  it  has  been  shown  that  the  liver  after  12  hours  accumulates 
the  manganese  which  was  formerly  deposited  in  the  lungs. 

The  results  are  in  harmony  with  experiments  in  which  bacterial 
suspensions  are  employed  for  injection  and  confirm  the  suggestion  pre- 
viously made  (2)  that  in  the  first  handling  of  foreign  particulate 
material  the  animal  behaves  similarly  whether  protein  or  inorganic 
injections  are  used. 
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EXPERIMENT.\L  STUDIES  ON  YELLOW  FEVER  IN 
NORTHERN  PERU. 

By  fflDEYO  NOGUCHI,  M.D.,  and  I.  J.  K.LIGLER,  Ph.D. 
{From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  August  7,  1920.) 

Leptospira  icteroides,  first  isolated  from  certain  cases  of  yeUow  fever 
in  Guayaquil,'  and  later  from  a  case  of  this  disease  in  Merida,^  had 
assumed  such  significance  in  the  study  of  the  etiologj'  of  yellow  fever 
as  to  make  further  in\Tstigations  ad\'isable.  Peru,  which  has  had 
many  \'isitations  of  yellow  fever,  was  again  invaded  in  Jime,  1919, 
in  the  pro\ince  of  Piura,  the  northernmost  region,  bordering  on 
Ecuador.  From  this  invasion  a  small  epidemic  arose  which  had  not 
entirely  disappeared  in  May,  1920.  During  the  outbreak  the  fol- 
lowing towns  were  affected:  Sechura,  Morropon,  Tambogrande, 
Chulucanas,  Piura  (500  cases  among  the  10,000  inhabitants)  in  1919, 
and  Payta  (108  cases  among  3,000  inhabitants)  in  1920.  The  mor- 
tahty  was  estimated  to  have  been  about  10  per  cent,  which  is  consider- 
ably lower  than  was  the  case  with  yellow  fever  in  Guayaquil  and 
Merida,  where  it  was  about  50  per  cent.  An  expedition  to  Peru 
was  therefore  undertaken.^  The  present  report  deals  ^\'ith  the  results 
of  bacteriological  studies  at  Payta,  Piura,  and  Morropon  extending 
over  a  period  of  3  months,  March,  April,  and  May,  1920. 

When  one  of  us  reached  Peru  (March  1,  1920)  Payta  was  the  only 
town  where  the  epidemic  of  yellow  fever  was  still  in  progress;  the 
last  case  occurred  there  on  April  16.     The  first  experiments  were 

1  Noguchi,  H.,  /.  Exp.  Med.,  1919,  xxLx,  547,  565,  585;  xxx,  1,  9,  13,  87,  95, 
401;  1920,  xxxi,  135,  159. 

2  Noguchi,  H.,  and  Kligler,  I.  J.,  J.  Exp.  Med.,  1920,  xx.xii,  601,  627. 

*  This  expedition  was  undertaken  under  the  auspices  of  the  International 
Health  Board  of  The  Rockefeller  Foundation,  and  The  Rockefeller  Institute  for 
Medical  Research.  We  wish  to  thank  the  federal  and  local  authorities  in  Peru 
for  their  courtesy  and  cooperation  in  this  work. 
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carried  out  in  Payta.  In  April  an  epidemic  was  reported  at  an 
inland  town,  Morropon,  and  a  trip  was  made  to  that  place  to  secure 
material  for  further  studies  to  be  carried  out  in  Piura,  where  better 
laboratory  facilities  were  available. 

Studies  in  Payta. 

Payta,  a  town  of  about  3,000  inhabitants,  is  the  principal  port  in 
northern  Peru.  It  consists  of  a  cluster  of  bamboo  huts  on  a  strip 
of  sandy  shore.  Rain  is  rare,  and  water  is  very  scarce.  The  water 
supply  comes  from  a  river  about  7  kilometers  from  the  town,  but 
the  amount  is  hardly  sufficient  for  ordinary  daily  needs. 

A  provisional  laboratory  was  set  up  in  Payta  in  a  small  bungalow- 
consisting  of  three  rooms.  One  room  served  as  a  laborator}-,  another 
as  an  animal  room,  and  the  third  as  a  sleeping  room.  The  laboratory- 
supplies  brought  from  The  Rockefeller  Institute  had  been  resterilized 
in  the  laboratory  of  the  Municipal  Institute  of  Hygiene  in  Lima,  as 
there  were  no  facilities  for  steam  or  hot  air  sterilization  at  Payta. 
The  rabbit  serum  used  in  the  culture  media  was  brought  from  New 
York  and  as  a  result  of  the  long  voyage  in  a  tropical  climate  a  precipi- 
tate had  appeared  in  it.  The  guinea  pigs,  also  brought  from  New 
York,  had  suffered  severely,  and  about  two-thirds  of  them  had  suc- 
cumbed within  2  weeks  of  their  arrival  in  Payta.  The  feed  for  the 
guinea  pigs  was  scarce,  so  that  only  the  larger  and  hardier  animals  sur- 
vived. This  was  unfortunate,  as  the  larger  animals  are  less  sm table 
for  initial  inoculation;  however,  a  certain  number  of  native  guinea  pigs 
was  procured.  A  very  serious  circimistance  was  the  fact  that,  owing 
to  the  lack  of  electric  current,  the  dark-field  microscope  could  not  be 
used.  Moreover,  the  effort  to  obtain  Giemsa  preparations  of  the 
blood  were  unsuccessful  because  of  the  quality  of  the  water.  Since 
most  yellow  fever  patients  were  treated  by  their  physicians  at  their 
own  homes  it  was  not  always  easy  to  secure  consent  to  obtain  blood 
for  inoculation,  and  it  was  practically  impossible  to  obtain  blood 
twice  from  the  same  patient.  Finally,  the  cultures  of  Leptospira 
icteroides  brought  to  Payta  from  Merida  did  not  survive  the  journey. 

Under  the  adverse  conditions  and  the  lack  of  laboratory  facilities, 
the  bacteriological  work  was  confined   to   cultivation   and   animal 
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transmission  with  such  samples  of  blood  as  could  be  obtained,  the 
object  being  to  infect  guinea  pigs  and  to  produce  the  characteristic 
symptoms  and  lesions  in  these  animals.  In  aU,  nine  cases  of  yellow 
fever  were  studied.  Guinea  pigs  brought  from  New  York  were 
inoculated  from  seven  and  native  guinea  pigs  from  two  of  the  cases. 

Case  1  {Fatal).— ^.  Onset  Mar.  10,  1920.  Mar.  12.  Temperature  39°C.; 
pulse  110;  albuminuria.  Mar.  14.  Temperature  38.5°;  pulse  88;  albumin  1  gm. 
per  1,000  cc.     Mar.  16.     Delirious;  black  vomit;  anuria.     Mar.  17.     Died. 

Mar.  12  (3rd  day  of  illness).  Blood  taken  and  cultures  made  (nine  tubes). 
Mar.  16.  1  cc.  of  citrated  blood  (kept  in  the  ice  box  for  4  days)  was  inoculated 
intraperitoneally  into  Guinea  Pig  1  and  2  cc.  into  Guinea  Pig  2.  The  culture 
tubes,  which  had  stood  at  room  temperature  for  4  days,  appeared  free  from  con- 
tamination, and  three  guinea  pigs  were  inoculated  with  material  from  Tubes  1  to 
4  and  three  with  material  from  Tubes  5  to  9.  Some  of  the  culture  material  was 
left  standing  until  Mar.  23,  when  it  was  inoculated  into  three  guinea  pigs. 

The  two  guinea  pigs  inoculated  with  blood  4  days  old  showed  no  fever.  A  few 
old  hemorrhagic  areas  were  found  in  the  lungs  of  Guinea  Pig  2  when  it  was  killed 
on  the  ISth  day.  Of  six  guinea  pigs  inoculated  with  culture  material  4  days  old, 
three  had  fever  on  the  6th  day  and  showed  petechial  lung  hemorrhages  when 
killed  on  the  15th  day.  The  three  remaining  animals  either  suffered  from  an 
intercurrent  infection  (pneumonia)  or  escaped  any  obvious  infection. 

Of  the  three  guinea  pigs  inoculated  with  the  11  day  culture  material,  one 
(Guinea  Pig  43)  showed  petechial  hemorrhages  in  the  lungs  when  killed  on  the 
15th  day.  The  other  two  showed  on  autopsy  no  leptospira  lesions  but  enlarged 
spleen  and  pulmonary  congestion,  which  were  taken  as  evidence  of  secondary 
infection. 

The  findings  described  show  that  in  no  instance  was  a  fatal  infection 
by  Leptospira  icteroides  induced,  but  they  raise  the  question  whether 
the  characteristic  hemorrhagic  areas  in  the  limgs  in  Guinea  Pigs 
2,  3,  5,  8,  and  43  did  not  indicate  a  mild  infection  with  this  organism. 

Case  2  {Moderate;  Recovered). — C.  Onset  Mar.  13,  1920.  Moderate  case; 
course  typical.     Mar.  20.     Recovered. 

Mar.  14  (2nd  day  of  illness).  Blood  taken  and  used  whoUy  for  making  cul- 
tures. Three  guinea  pigs  were  injected  with  a  3  day  culture,  three  with  a  4  day 
culture,  and  three  with  a  9  day  culture. 

Of  this  series  almost  all,  except  Guinea  Pig  14,  which  received  a  3  day  culture, 
and  No.  19,  which  received  a  4  day  culture,  died  of  intercurrent  infections  (pneu- 
monia, paratyphoid,  cocci),  while  two  remained  well.  Guinea  Pig  14  showed 
on  the  5th  day  a  temperature  of  39.7°C.,  and  on  the  6th  39.6°,  while  at 
autopsy  the  lungs  showed  several  hemorrhagic  areas.     Guinea  Pig  19  showed  on 
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the  7th  day  a  temperature  of  39.5°  and  on  the  8th  and  9th  days  39.8".  It  was 
killed  on  the  10th  day  for  examination  and  transfers.  Few  small  petechia  in  the 
lungs  and  minute  points  of  hemorrhage  in  the  right  kidney.  The  blood  and  organ 
emulsions  from  this  animal  were  inoculated  on  Mar.  28  into  two  guinea  pigs, 
both  of  which  soon  returned  to  normal. 

The  experiments  on  Case  2  are  suggestive  and  lead  to  the  tentative 
conclusion  that  in  two  at  least  of  the  nine  guinea  pigs  inoculated  with 
culture  materials  prepared  with  blood  drawn  on  the  2nd  day  a  mild 
infection  with  Leptospira  icteroides  was  induced.  It  is  possible  that 
Guinea  Pig  19,  if  allowed  to  live  longer,  might  have  developed  a 
typical  form  of  the  icteroides  infection,  as,  when  killed  on  the  10th 
day,  definite  lesions  were  present  in  the  limgs  and  kidney.  The 
failure  to  transfer  the  infection  from  this  animal  into  two  others  is 
not  conclusive,  as  in  the  early  transfers  a  larger  number  of  guinea 
pigs  should  be  employed,  because  of  the  resistance  to  infection  which 
certain  guinea  pigs  usually  exhibit. 

Case  3  (recovered)  gave  similar  results  with  blood  drawn  on  the  3rd  day  of 
illness. 

Two  guinea  pigs  were  inoculated  with  2  cc.  of  blood  from  Case  4  (fatal;  blood 
drawn  on  2nd  day  of  illness)  soon  after  it  was  drawn,  and  two  with  the  same 
amount  of  blood  from  Case  5  (recovered;  blood  drawn  on  3rd  day  of  illness). 
Cultures  made  with  blood  from  each  of  these  patients  were  left  at  room  tempera- 
ture for  4,  7,  and  10  days  and  then  inoculated  into  eight  guinea  pigs  (Mar.  19, 
22,  and  26).  Some  of  the  animals  inoculated  with  material  from  Cases  4  and  5 
had  definite  febrile  reactions  and  showed  at  autopsy  lung  lesions  suggestive  of  a 
mild  leptospira  infection,  but  there  was  no  fatal  infection  with  typical  jaundice. 

With  Case  6  (recovered;  blood  drawn  on  Mar.  19,  2nd  day  of  disease)  and  Case 
7  (recovered;  blood  drawn  on  Mar.  20,  3rd  day  of  disease),  the  blood  was  drawn 
into  citrate  serum  agar  mixed  in  equal  parts,  and  3  cc.  of  the  mixture  were  inocu- 
lated into  each  of  two  guinea  pigs.  Cultures  made  in  the  usual  way  were  allowed 
to  stand  at  room  temperature  for  3  to  7  days,  and  two  sets  of  six  guinea  pigs  were 
inoculated  with  this  material.  The  results  with  Cases  6  and  7,  both  with  blood 
and  cultures,  were  unsatisfactory.  The  majority  of  the  guinea  pigs  showed  irreg- 
ular febrile  reactions,  and  from  these  animals,  owing  to  the  scarcity  of  guinea 
pigs,  no  transfers  were  made.  Some  of  them,  when  Idlled  later,  were  found  to 
have  hemorrhagic  areas  in  the  lungs,  some  showed  indications  of  secondary  infec- 
tion (enlarged  spleen),  while  others  showed  no  lesions.  In  no  instance  was  there 
a  typical  fatal  leptospira  infection. 

Two  more  cases  were  studied  before  the  epidemic  in  Payta  subsided.  Case  8 
(recovered;  blood  drawn  on  3rd  day  of  illness.  Mar.  29)  and  Case  9  (recovered; 
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blood  drawn  on  Apr.  1,  2nd  day  of  iUness).  In  view  of  the  failure  to  secure  a  defi- 
nite transmission  with  fatal  outcome  with  the  larger  guinea  pigs  still  aUve  from  the 
lot  brought  from  New  York,  we  decided  to  test  native  guinea  pigs.  For  this 
purpose  six  native  and  two  American  guinea  pigs,  weighing  600  gm.,  were  inocu- 
lated with  a  7  day  culture  of  the  blood  of  Case  8  and  five  native  guinea  pigs 
with  the  10  day  culture  from  Case  9.  None  of  the  animals  developed  a  typi- 
cal fatal  leptospira  infection,  although  some  undoubtedly  had  a  mild  infection, 
since  lung  lesions  were  found  at  autopsy  and  in  two  instances  there  was  a  sugges- 
tion of  jaundice.  It  is  interesting  to  note  here  that  later  experiments  demon- 
strated that  the  native  guinea  pigs  possess  a  greater  resistance  to  the  ideroides 
infection  than  the  domesticated  variety  brought  from  the  United  States. 

It  is  obvious  that  in  the  transmission  experiments  just  described 
as  having  been  carried  out  at  Payta,  no  typical  instance  of  fatal 
infection  with  Leptospira  ideroides  was  obtained,  and  in  no  instance 
was  the  leptospira  observed  under  the  microscope.  As  the  dark- 
field  microscope  was  not  available  and  no  proper  Giemsa  staining 
could  be  secured,  the  latter  circmnstance  is  without  value. 

On  the  other  hand,  certain  positive  results  were  obtained  in  inocu- 
lated guinea  pigs  which  led  to  the  belief  that  a  mild  form  of  Leptospira 
ideroides  infection  had  in  some  instances  been  induced;  i.e.,  rise  of 
temperature  after  the  period  of  incubation  common  in  this  infection 
(3  to  5  days)  and  at  autopsy  definite  hemorrhagic  areas  in  the  lungs 
and  in  one  instance  in  botli  lungs  and  kidney,  with  occasionally  a 
suggestion  of  jaundice.  The  failures  to  obtain  more  pronounced 
results  are  not  difficult  to  account  for.  As  stated  above,  almost  all 
tlie  guinea  pigs  of  the  most  favorable  age  and  weight  shipped  from 
New  York  succumbed  en  route  or  soon  after  arriving  at  Payta.  Those 
remaining  were  so  few  in  number  that  they  were  used  sparingly;  hence 
fewer  were  injected  with  given  samples  of  blood  or  cultures  than  would 
ordinarily  have  been  employed.  The  rabbit  serimi  which  is  essential 
to  successful  cultivation  of  the  leptospira  had  imdergone  changes 
with  the  formation  of  a  precipitate,  and  the  reaction  became  so  alkahne 
as  to  prevent  a  growth  of  Leptospira  ideroides  to  any  extent.  And 
yet  a  degree  of  success,  which  was  confirmed  by  subsequent  results, 
was,  we  beKeve,  achieved. 
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Studies  in  Piura. 

The  epidemic  having  subsided  in  Payta,  the  laboratory  was  re- 
moved to  Piura,  where  sterilizing  facilities  and  adequate  water  were 
available.  A  laboratory  was  set  up,  through  the  cooperation  of  the 
government,  in  the  Belan  Hospital.  A  detached  building  was  used 
for  animal  quarters  and  feed  was  also  more  plentiful. 

By  the  time  the  small  laboratory  had  been  started  cases  of  yellow 
fever  were  reported  in  Morropon,  a  small  town  of  2,000  inhabitants 
in  the  foothills  of  the  Andes.  The  distance  from  Piura  was  about 
65  miles,  a  desert  separating  the  two  places.  Arrangements  were 
made  at  once  to  investigate  the  cases. ^  As  the  journey  was  made 
on  horseback  it  was  obviously  out  of  the  question  to  transport  experi- 
mental animals,  etc.,  by  this  means  through  a  tropical  region;  hence 
it  was  decided  to  rely  entirely  on  cultures.  Fresh  rabbit  serum  was 
obtained  from  local  rabbits,  and  in  order  to  guard  against  adverse 
changes  in  the  culture  media  the  component  parts,  consisting  of 
serum,  and  0.3  per  cent  semisolid  agar,  were  carried  separately. 

The  cultures  were  made  by  dra\ving  the  blood  from  an  arm  vein 
of  the  patients  directly  into  the  tube  of  semisolid  agar,  the  rabbit 
serum  then  being  added  in  a  proportion  of  1:5.  The  whole  was 
thoroughly  mixed  and  covered  with  a  layer  of  Uquid  parafi&n,  and  the 
tubes  were  carefully  capped  with  tin-foil  and  carried  back  to  Piura. 

On  arrival  at  Morropon  it  was  ascertained  that  cases  of  yellow  fever 
had  been  occurring  for  some  time,  and  the  epidemic  was  regarded  as 
declining;  however,  by  making  house  to  house  \isits  several  cases 
diagnosed  as  yellow  fever  by  Dr.  Caballero  were  found  on  April  23. 
Between  April  24  and  27  cultures  with  the  blood  were  made  from 
six  cases,  one  of  which  proved  later  not  to  have  been  yellow  fever. 
The  remaining  five  cases  pursued  a  clinical  course  which  left  no  doubt 
as  to  their  yellow  fever  nature.  Because  of  the  illness  of  one  member 
of  the  party,  the  work  at  Morropon  was  suspended  on  April  28. 

■•  The  journey  on  horseback  from  Piura  to  Morropon  usually  takes  Ij  days. 
Our  party  consisted  of  Dr.  Enrico  Caballero,  the  government  expert  stationed 
at  Catacaos,  who  showed  us  every  courtesy,  Mr.  John  MitcheD,  a  sanitary  engi- 
neer, and  Dr.  Kligler.  The  expedition  started  from  Piura  on  April  21  and 
arrived  at  its  destination  on  April  22. 
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The  party  returned  with  the  cultures  to  Piura,  reaching  there  on 
May  3.  At  the  same  time  the  stock  of  guinea  pigs  had  been  renewed, 
300  young,  healthy  animals  having  been  brought  from  The  Rocke- 
feller Institute.  Moreover,  because  of  the  lack  of  electric  lighting 
facilities  which  had  made  it  impossible  to  use  the  dark-field  micro- 
scope, a  storage  battery  suited  to  that  instrimient  had  also  been 
brought  from  New  York. 

Very  few  of  the  tubes  showed  contamination,  the  blood  still  appear- 
ing bright  red  in  the  upper  zone  of  the  media.  The  cultures  were 
inoculated  into  guinea  pigs  on  May  6,  or  9  to  12  days  after  they 
had  been  set  up  in  Morropon.  The  inoculation  procedure  was 
identical  with  that  employed  in  Merida'^,  the  upper  portions  of  several 
selected  tubes  of  culture  from  a  case  being  pooled  and  the  mixture 
inoculated  intraperitoneally  into  sLx  young  normal  guinea  pigs. 

Dark-field  examination  of  the  culture  tubes  undertaken  the  next 
day  (May  7,  10  to  13  days  after  they  were  made)  revealed  the  presence 
of  active  leptospiras  in  the  cultures  from  three  of  the  five  cases.  They 
were  few  in  number  and  required  careful  search  in  some  instances. 
In  some  tubes  no  leptospira  was  detected.  As  the  details  of  the 
experiments  show,  the  inoculation  of  cultures  from  four  of  the  five 
cases  induced  typical  fatal  infections  in  some  animals,  other  animals 
showing  only  a  mild  infection  or  escaping  infection  altogether. 

Case  10  {Severe;  Recovered). — C.  M.,  male,  age  16  j'ears;  born  in  Salitral;  resi- 
dent of  Morropon.  Onset  Apr.  22,  1920,  7  p.m.  Headache;  backache;  pain? 
in  muscles;  nausea;  no  vomiting.  Apr.  23.  Temperature  39.6°C.;  pulse  106. 
Apr.  24.  Temperature  39.9°;  pulse  100;  albumin  -|-.  Apr.  25.  Temperature 
39°;  pulse  90;  albumin  -|--|-;  nausea.  Apr.  26.  Temperature  37.4°;  pulse  90; 
albumin  -|-  -|- ;  black  vomit.  Apr.  27.  Temperature  37.6°;  pulse  78 ;  albumin  -|-  -\- ; 
epigastric  pain;  epista.xis;  urine  increasing  towards  normal  amount;  jaundice. 
Apr.  28.    Temperature  37°;  pulse  76;  recovering. 

Blood  was  taken  on  the  2nd  day  of  illness  at  1 1  a.m.  Cultures  examined  after 
12  days  contained  living  leptospiras.  Six  guinea  pigs  (Nos.  13  to  18)  were  inocu 
lated  with  material  from  Tubes  1  and  2  on  May  6,  with  positive  transmission  in 
aU. 

Guinea  Pig  13. — Temperature  39.2°  on  the  5th  day.     Died  on  the  6th  day. 

Autopsy. — Epistaxis;  subcutaneous  petechia?;  marked  hemorrhages  in  lungs 
and  gastric  mucosa;  jaundice  slight. 

The  emulsions  of  kidney  and  liver  were  inoculated  into  three  guinea  pigs  (Nos. 
39  (Chart  1),  40,  and  41),  aU  of  which  developed  typical  fatal  infection,  dying 
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7,  14,  and  IS  days  after  inoculation.  The  leptospiras  were  found  and  successful 
subcultures  made. 

Guinea  Pig  14. — Killed,  when  moribund,  to  obtain  infective  material  for 
therapeutic  experiments  to  be  described  in  the  following  paper.' 

Autopsy. — Numerous  petechias  in  lungs;  hemorrhage  and  blood  in  stomach; 
liver  slightly  degenerated;  kidneys  congested;  spleen  normal. 

Guinea  Pig  15. — Killed  for  transfer  4  days  after  inoculation,  at  first  rise  of 
temperature  to  39.4°C. 

Aiitopsy. — No  lesions  were  noted,  but  all  three  of  the  guinea  pigs  (Nos.  36, 
37,  and  38)  inoculated  with  blood  and  emulsions  of  liver  and  kidneys  succumbed 
with  typical  infection. 

Guinea  Pigs  16  and  18. — Developed  characteristic  infection.  When  jaundice 
appeared  they  were  utilized  for  testing  the  curative  effect  of  the  a.nti-icleroides 
immune  serum  brought  from  The  Rockefeller  Institute,  as  will  be  described  in  the 
following  paper. ^ 

With  this  case  leptospiras  were  found  in  the  initial  culture,  with 
which  a  typical  infection  was  induced  in  guinea  pigs,  and  further 
transfer  from  animal  to  animal  was  accomplished.  Pure  cultures  of 
the  leptospira  were  in  turn  recovered  from  the  infected  guinea  pigs. 

Case  11  {Mild;  Recovered). — O.  V.,  male,  age  18  years;  native  of  Morropon- 
Onset  in  afternoon  of  Apr.  21,  1920.  Chills;  headache;  backache;  fever.  First 
seen  morning  of  Apr.  24.  Temperature  40°C.;  pulse  100;  albumin  +.  Apr.  25. 
Temperature  38.5°;  pulse  70;  albumin  +  +  ;  nausea,  but  no  vomiting.  Apr.  26. 
Temperature  38.5°;  pulse  66;  albumin  ++.  Apr.  27.  Temperature  37.2°; 
pulse  58;  albumin  +;  abundant  urine.  .\pr.  29.  Temperature  36.6°;  pulse  50; 
mUd  jaundice;  recovering. 

Apr.  24  (3rd  day  of  illness).  Blood  was  drawn.  The  dark-field  examination 
of  cultures  13  days  after  they  were  made  failed  to  reveal  any  leptospira,  owing  to 
accidental  contamination  of  the  tubes  while  they  were  being  handled  the  previous 
day  for  animal  inoculation. 

May  6.  Six  guinea  pigs  (Nos.  25  to  30)  inoculated  with  culture,  then  12  days 
old.  Three  of  these  (Nos.  25,  26  (Chart  2),  and  29)  developed  typical  severe 
infections,  while  the  remaining  three  showed  no  perceptible  symptoms.  When 
killed  for  examination,  however,  all  showed  some  hemorrhagic  areas  in  the  lungs, 
indications  of  a  mild  infection.  It  is  interesting  to  note  the  different  results  with 
the  same  culture  material,  due  to  variations  in  individual  susceptibility  of  the 
guinea  pig  to  Leptospira  icteroides.  The  symptoms  and  lesions  in  fatally  infected 
animals  were  altogether  typical  and  hence  will  not  be  described  in  detail  except  in 
unusual  instances.  Leptospiras  were  found  in  the  organ  emulsions  and  a  culture 
was  obtained  from  the  blood. 

5  Noguchi,  H.,  and  KHgler,  I.  J.,  /.  Exp.  Med.,  1921,  xxxiii,  253. 
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Transfer  from  one  of  these  animals  was  made  into  three  guinea  pigs,  all  of 
which  succumbed  in  due  time  to  typical  fatal  infection. 

One  of  the  guinea  pigs  (No.  25)  was  used,  when  near  collapse,  for  testing  the 
efficacy  of  the  anti-icteroides  serum.  The  animal  recovered,  having  received 
1  cc.  of  the  serum. 

Case  12  (Fatal). — P.  C,  male,  age  28  years;  native  of  mountainous  region. 
Onset,  Apr.  23,  1920,  t>'pical.  Apr.  25.  Seen  for  the  first  time;  temperature 
39.4°C.;  pulse  102;  albumin  +  +  ;  epigastric  pain;  no  vomit.  Apr.  26.  Tem- 
perature 34.8°;  patient  in  state  of  collapse;  bleeding  from  nose  and  gums;  black 
vomit;  jaundice.    Apr.  27,  6  a.m.    Died. 

Blood  was  taken  in  the  morning  of  the  3rd  day  of  illness.  Cultures  contained 
living  leptospiras  when  examined  on  May  7(12  days  old). 

Ma)'  6.  Six  guinea  pigs  (Nos.  1  to  6)  were  inoculated  with  culture  material. 
Of  these,  three  (Nos.  2,  3,  and  4)  developed  severe  infections,  one  dying  on  the 
7th,  and  one  on  the  8th  day  (Chart  3),  and  the  third  being  killed  for  transfer  on 
the  6th  day,  when  it  was  intensely  icteric.  Three  guinea  pigs  inoculated  with 
blood  and  liver  and  kidney  emulsions  from  this  animal  died  with  typical  symp- 
toms. Three  of  the  six  original  guinea  pigs  showed  no  sign  of  infection  (Nos. 
1,  5,  and  6),  but  examination  after  12  days  revealed  hemorrhagic  areas  in  the 
lungs  and  also,  in  one  instance,  in  the  suprarenal.  Leptospiras  were  found  in 
the  blood  and  organs  in  some  of  the  guinea  pigs,  and  cultures  were  obtained  from 
the  blood.  The  outstanding  feature  of  this  strain  was  the  predominance  of 
jaundice  which  it  produced  in  the  animals. 

Case  13  {Moderate;  Recovered). — J.  C,  male,  age  14  years;  native  of  Morropon. 
Onset  Apr.  23,  1920.  Apr.  26.  Seen  for  the  first  time;  epistaxis;  black  vomit; 
melena;  temperature37°C.;pulse80;albumin  -|-  +.  Apr.27.  Temperature  36.6°; 
pulse  66;  albumin  4-+.  Apr.  28.  Temperature  37°;  pulse  80;  albumin  -f -t-. 
Recovery. 

Apr.  26  (4th  day).  Blood  taken  for  cultures.  Dark-field  examination  of  cul- 
tures 11  days  after  they  were  made  failed  to  reveal  any  leptospira.  Six  guinea 
pigs  inoculated  with  the  10  day  culture  material  from  this  case  also  yielded 
negative  results. 

Case  14  (Severe;  Recovered). — F.  N.,  female,  age  25  years;  native  of  Morropon. 
Apr.  25,   1920,   11  a.m.  Onset.      Apr.  26.    Temperature  38.5°C.;    pulse  114; 
albumin  trace;  headache;  backache;  muscular  pain;  face  flushed;  conjunctivae 
congested.     Apr.  27.     Temperature  in  morning  39.2°;  pulse  106;  albumin   -f . 
4  p.m.     Temperature  39.5°;  pulse  120;  severe  pain  and  weakness;  nausea,  but 
no  vomiting.     At  request  of  patient  20  cc.  of  a.nti-icteroides  serum  brought  from 
The  Rockefeller  Institute  were  injected  intravenously.     7  p.m.     Temperature 
38.9°;  pulse  100;  stronger;  pains  relieved.     Apr.  28.     Afternoon  temperature  38.2° 
pulse  100;  albumin  +  +  ;  nausea;  bilious  vomit.     Apr.  29.     Temperature  38.2° 
pulse  90;  no  nausea;  albumin   ++.     Apr.  30.     Temperature  37.9°;  pulse  86 
mild  pharyngitis.     May  1.     Temperature  36.8°;  pulse  80;  albumin  + ;  recovering 
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Chart  2. 


G.E  45  ^train  4  -Case  14). 
Chart  4. 


Charts  1  to  4.    Temperature  curves  of  guinea  pigs  inoculated  with  material 
from  yellow  fever  cases  in  Peru. 
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Apr.  27  (48  hours  after  onset).  Blood  taken  in  the  morning.  The  cultures  were 
examined  on  May  8  when  11  days  old,  and  living  leptospiras  were  found  in  one 
tube,  apparently  dead  ones  in  another. 

May  6.  Six  guinea  pigs  (Nos.  7  to  12)  were  inoculated  with  the  9  day  culture 
material.  A  tx^pical  infection  was  induced  in  three,  while  the  other  three  remained 
apparently  well.  One  of  the  latter  showed  hemorrhagic  areas  in  the  lungs  when 
examined  after  12  days.  The  other  two  had  no  macroscopic  lesions,  indicating 
that  they  were  both  completely  refractory  to  this  strain. 

Transfer  was  made  from  one  of  the  positive  animals  into  three  guinea  pigs, 
all  of  which  died  with  typical  infections.  Leptospiras  were  demonstrated  in 
varying  number  in  the  blood  as  well  as  in  the  emulsions  of  liver  and  kidneys,  and 
pure  cultures  were  obtamed  from  the  blood  of  these  animals.  Chart  4  shows  the 
temperature  curve  of  one  of  the  guinea  pigs  (No.  45)  infected  with  Strain  4. 

In  Case  14,  as  in  Cases  10,  11,  and  12,  positive  transmission  to 
gmnea  pigs  was  obtained  by  means  of  culture  material.  The  initial 
cultures  usuaUy  contained  living  leptospiras.  In  the  blood  and  liver 
or  kidneys  of  the  infected  animals  the  leptospiras  were  demonstrated, 
and  a  pure  culture  of  Leptospira  icteroides  was  recovered  from  the 
blood. 

Identification  of  the  Morropon  Strains. 

Upon  our  return  to  The  Rockefeller  Institute,  we  proceeded  with 
the  identification  of  the  strains  of  leptospira  isolated  from  yeUow 
fever  cases  in  Morropon  along  the  lines  previously  followed.  The 
Pfeiflfer  phenomenon  was  determined,  as  well  as  the  effects  of  immxme 
serums  upon  the  organism  in  vitro. 

Rich  cultures  of  leptospira  strains  (Nos.  1  and  2)  were  employed 
in  these  experiments.  The  senuns  used  were  monovalent  immune 
serums  prepared  in  rabbits  with  Guayaquil  Strain  1  of  Leptospira 
icteroides.  For  purposes  of  control  American  Strain  2  of  Lepto- 
spira icterohcamorrhagia:  was  tested  simultaneously.  Moreover,  a 
polyvalent  immune  seruni  prepared  in  a  horse  with  several  Guayaquil 
strains  of  Leptospira  icteroides  was  also  tested.  The  results  obtained 
are  given  in  Table  I. 

As  Table  I  shows,  the  leptospira  strains  from  Morropon  gave 
positive  Pfeiffer  reactions  with  the  immune  serums  prepared  with 
the  Guayaquil  strains,  but  negative  reactions  with  the  axiti-ictero- 
licemorrhagice  serum.     Likewise,  with  respect  to  their  behavior  towards 
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these  serums  in  vilro  an  indubitable  specificity  for  the  a.nt\-icteroides 
serum  is  evident.  The  slight  reaction  with  the  a,nti-icterohcEmor- 
rhagice  serum  may  be  regarded  as  a  group  reaction  among  closely 
allied  species.  It  is  concluded,  therefore,  that  the  leptospiras  isolated 
from  Morropon  and  Guayaquil  cases  of  yellow  fever  are  of  the  same 
species. 

TABLE  I. 
Identification  of  the  Morropon  Strains. 


Mode  of  test. 

Strain 

Anti-icleroitles  serum 

Anti-icleroides  senun 

Anti-iclerohttmor- 
rkagia  serum  (mono- 
valent, rabbit). 

Controls  without 

No. 

(monovalent.rabbit). 

(polyvalent,  horse). 

Pfeiffer  (30 

1 

Complete  disin- 

Complete disin- 

For   the    most 

Very  active 

min.). 

tegration 

tegration 

part  active 

(negative). 

(positive). 

(positive). 

(negative). 

2 

Almost  com- 

Complete disin- 

For the  most 

Very  active 

plete  disinte- 

tegration 

part  active; 

(negative). 

gration  (posi- 

(positive). 

few  appear 

tive). 

distorted 
(negative). 

In  vitro;  al- 

1 

Complete  ag- 

Complete ag- 

Slight   aggluti- 

Very active;  no 

lowed  to 

glutination; 

glutination 

nation      and 

agglutination. 

stand  for 

some     motile 

and  immobil- 

few immobil- 

18hrs. 

leptospiras. 

ization. 

ized. 

2 

Complete  ag- 

Complete ag- 

Partial aggluti- 

.-Active; no  agglu- 

glutination; 

glutination; 

nation  and 

tination. 

some  motile 

few  motile 

immobiliza- 

leptospiras. 

leptospiras. 

tion. 

DISCUSSION   AN"D   SUMMARY. 

Fourteen  topical  cases  of  yellow  fever  were  studied  in  northern 
Peru  during  an  epidemic  occurring  in  1920,  nine  in  Payta  in  March 
and  April,  and  five  in  Morropon  and  Piura  in  April  and  May.  The 
method  of  investigation  was  similar  to  that  previously  employed,  but 
as  the  laboratory  facilities  were  very  meager  certain  changes  were 
required.  Although  in  Payta  the  work  was  handicapped  by  the  lack 
of  electric  light,  the  scarcity  of  water  and  animal  food,  the  unsuit- 
ability  of  the  guinea  pigs  for  inoculation,  and  the  changes  in  culture 
media  due  to  age,  the  results  obtained  under  these  adverse  conditions 
were  by  no  means  negative.     While  in  no  instance  was  there  a  typical 
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infection  produced  in  animals,  either  by  direct  inoculation  of  blood 
or  with  culture  materials,  yet  certain  guinea  pigs  in  each  series  showed 
temporary  febrile  reactions  or  definite  hemorrhagic  lesions  of  the 
lungs  indicative  of  a  mild  leptospira  infection.  Direct  search  for 
Leptospira  icier  aides  in  the  blood  of  patients  or  in  culture  materials 
was  not  made  because  the  dark-field  microscope  could  not  be  used. 

Subsequently,  at  Piura,  the  laboratory  facilities  were  vastly  im- 
proved, the  use  of  the  dark-field  microscope  was  made  possible  by 
means  of  a  storage  battery,  and  a  fresh  stock  of  young  healthy  guinea 
pigs  was  received  from  New  York,  and  fresh  rabbit  serum  obtained  in 
Piura.  In  the  study  of  the  materials  obtained  from  five  cases  of 
yellow  fever  in  Morropon  all  these  added  facilities  were  taken  advan- 
tage of,  with  the  result  that  the  outcome  was  positive  and  convinc- 
ing. Cultures  from  the  five  cases  were  examined  after  11,  12,  and 
13  days,  and  in  those  from  three  cases  living  leptospiras  were  found. 

By  inoculation  into  suitable  guinea  pigs  of  culture  material  from 
these  five  cases,  irrespective  of  whether  or  not  leptospiras  were 
detected  under  the  dark-field  microscope,  a  typical  Leptospira  icter- 
oides  infection  was  produced  from  four  of  the  five  cases.  In  one  of 
these  no  leptospira  had  been  detected  in  the  culture  tubes.  Thus 
one  case  only  yielded  negative  results,  in  that  no  leptospiras  were 
found  under  the  dark-field  microscope  and  the  animal  inoculation 
was  negative. 

The  leptospira  was  demonstrated  in  the  blood  or  organ  emulsions 
of  the  infected  guinea  pigs,  and  further  transmission  of  each  strain 
to  other  guinea  pigs  was  obtained  and  pure  cultures  were  secured. 

A  few  points  of  practical  significance  appeared  in  the  course  of  the 
present  investigation.  One  is  the  importance  of  using  fresh  rabbit 
serum  for  culture  media.  Old  rabbit  serum,  whether  in  pure  form 
or  incorporated  with  agar,  etc..  which  had  been  kept  for  several  months 
in  a  tropical  climate,  proved  to  be  unsatisfactory  for  obtaining  a 
growth  of  Leptospira  icteroides.  A  second  point  of  interest  is  the 
variation  in  susceptibility  of  guinea  pigs  to  infection  with  Leptospira 
icteroides.  In  two  of  four  series  of  positive  animal  inoculations  with 
the  Morropon  culture  materials  only  one-half  of  the  guinea  pigs 
inoculated  with  given  materials  developed  typical  symptoms.  The 
other  half  either  suffered  from  a  transient  mild  infection,  as  evidenced 
by  a  few  hemorrhagic  foci  in  the  lungs,  or  escaped  infection  altogether. 
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From  these  facts  it  is  highly  probable  that  the  lung  lesions  and 
febrile  reactions  observed  in  certain  guinea  pigs  inoculated  with  the 
Payta  materials  were  due  to  a  mild  leptospira  infection.  In  a  com- 
parative experiment  the  native  guinea  pigs  procured  in  Payta  were 
found  to  be  more  resistant  to  the  leptospira  infection  than  those 
recently  brought  from  New  York.  In  fact,  only  a  small  portion  of 
the  former  succumbed  to  typical  infection  even  when  inoculated  with 
a  virulent  strain  of  Leptospira  icteroides  obtained  from  the  Morropon 
epidemic. 

In  conclusion  it  may  be  stated  that  of  fourteen  cases  of  yellow  fever 
studied  in  Peru,  a  typical  leptospira  infection,  together  with  the 
demonstration  of  the  organism  in  experimentally  infected  guinea 
pigs,  was  obtained  in  four,  while  in  the  majority  of  instances  indica- 
tions of  a  mild,  non-fatal  leptospira  infection  were  observed.  In  a 
few  cases  only  were  the  results  entirely  negative. 

The  leptospira  isolated  from  Morropon  cases  of  yellow  fever,  which 
is  morphologically  and  culturally  identical  with  the  Guayaquil  and 
Merida  strains  of  Leptospira  icteroides,  was  also  shown  by  immunity 
test  to  be  indistinguishable  from  the  Guayaquil  organism. 


IMMUNOLOGY  OF  THE  PERUVIAN  STRAINS  OF  LEPTO- 
SPIRA ICTEROIDES. 

By  HIDEYO  NOGUCHI,  M.D.,  and  I.  J.  KLIGLER,  Ph.D. 

{From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  August  7,  1920.) 

In  the  course  of  a  study  of  the  etiology  of  yellow  fever  in  Peru,' 
an  effort  was  made  to  solve  several  related  problems  of  the  disease. 
The  first  point  taken  up  was  the  behavior  of  the  serums  of  Peruvian 
convalescents  in  Pfeiffer's  reaction  towards  strains  of  Leptospira 
ideroides  isolated  elsewhere;  the  second  concerned  the  action,  in 
vitro  and  in  vivo,  on  the  Peruvian  strains  of  the  leptospira,  of  a  poly- 
valent immune  serum  prepared  in  horses  with  several  strains  of 
Leptospira  icteroi<ies  of  Guayaquil  origin;  the  third  related  to  the 
difference  in  the  natural  resistance  to  the  leptospira  infection  of  the 
native  guinea  pigs  as  compared  with  guinea  pigs  recently  brought 
from  New  York;  and  the  fourth  and  last  point  bore  on  the  availability 
of  old  rabbit  serum  for  cultivating  Leptospira  icteroides.  The  last 
two  questions  had  arisen  as  a  result  of  the  rather  unfavorable  out- 
come of  the  work  carried  out  in  Payta,  and,  as  will  appear  later, 
proved  to  be  important. 

Pfeiffer  Reaction  with  Serum  from  Convalescents. 

The  method  was  similar  to  that  pre\iously  employed.  1  cc.  of 
each  serum  was  mLxed  with  0.2  cc.  of  a  rich  6  week  icteroides  culture 
of  Guayaquil  Strain  1  and  the  Merida  strain.  The  guinea  pigs  used 
were  those  recently  brought  from  New  York.  Observations  were 
made  at  the  end  of  1  hour.- 

i-Noguchi,  H.,  and  Kligler,  I.  J.,  /.  Exp.  Med.,  1921,  xxxiii,  239. 

^  This  work  was  done  at  the  Belan  Hospital,  Piura,  where  we  received  cordial 
cooperation  from  Dr.  M.  Guzman  R.,  Dr.  A.  Gonzalez,  and  Dr.  Prieto,  as  well  as 
the  mother  superior.  We  also  wish  to  thank  especially  Dr.  Marcos  L.  Vega,  the 
goverimient  sanitary  officer  at  Piura,  for  the  arrangement  to  test  the  convales- 
cents in  Piura. 
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Nine  convalescents  were  accessible  for  this  test.  Of  these,  four 
came  from  the  Payta  (1920),  four  from  the  Piura  (1919),  and  one 
from  the  Morropon  (1920)  epidemic.  The  serums  were  obtained 
in  the  five  1920  cases  within  a  period  ranging  from  7  to  36  days  from 
the  time  of  onset  of  the  fever  and  in  the  four  1919  cases  at  the  end  of 
10  to  11  months.  The  results  obtained  are  shown  in  Table  I.  The 
interpretation  of  the  findings  is  evident.  .\11  the  Peruvian  cases, 
except  two  instances  to  be  discussed  below,  gave  a  positive  Pfeiffer 
reaction  to  two  different  strains  of  Leptospira  ideroides,  irre- 
spective of  whether  the  case  occurred  in  Payta,  Piura,  or  Morropon. 

TABLE   I. 
Pfeiffer  Reaction  with  Serum  from  Convatescents. 


Length  of  time  be- 

Serum No. 

Locality  of 
epidemic. 

tween  onset  of 

yellow  fever  and 

withdrawal  of 

blood. 

Strain  of 
Leptospira  icteroides. 

ResulU. 

days 

1 

Payta. 

7 

Guayaquil  No.  1 

Positive. 

2 

tt 

/ 

»                      <(           4 

tt 

3 

it 

36 

it                 u        « 

It 

4 

tt 

17 

mos. 

U                   U          1 

tt 

5 

Piura. 

11 

Merida. 

tt 

6 

it 

10 

(( 

tt 

7 

a 

10 

ii 

Doubtful. 

8 

it 

10 

days 

it 

Partial  reaction. 

9 

Morropon. 

21 

it 

Positive. 

Control. 

tt 

Negative. 

The  exceptions  were  the  serums  obtained  from  two  persons  who  had 
had  yellow  fever  10  months  previous  to  the  time  of  testing,  both 
giving  a  slight  or  partial  reaction.  It  may  be  noted,  however,  that 
two  other  individuals  who  had  had  an  attack  10  and  11  months 
previously  reacted  positively.  The  reason  for  a  partial  reaction 
in  the  first  two  cases  probably  relates  to  a  gradual  diminution  of  the 
antibodies  responsible  for  the  Pfeiffer  reaction. 

The  foregoing  observations  are  of  value  in  establishing  the  identity 
of  the  organisms  that  were  present  in  individuals  suffering  from 
yellow  fever  in  Ecuador,  Mexico,  and  Peru.    The  positive  Pfeiffer 
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reaction  with  the  serums  of  yellow  fever  convalescents  in  Payta 
also  indicates  that  the  guinea  pigs  of  the  Payta  experiments  which 
had  shown  suspicious  febrile  reactions  and  hemorrhagic  lesions  of  the 
lungs  and  kidneys  without  developing  a  typical  fatal  infection,  had 
actually  suffered  a  mild  infection  with  Leptospira  icteroides.  Finally, 
it  may  be  added  that  the  guinea  pigs  which  were  employed  in  the 
Pfeiffer  tests  and  reacted  positively  showed  no  symptoms  and  sur- 
vived, while  the  control  animal  (inoculated  with  the  Merida  strain) 
suffered  from  a  typical  but  non-fatal  infection. 

Virulence. 

The  virulence  of  the  Morropon  strains  was  next  tested  on  New 
York  guinea  pigs.     The  material  used  was  an  emulsion  of  kidney 

TABLE    II. 
Determination  of  the  Minimum  Lethal  Dose  of  Morropon  Strains. 


Amount  of  kid- 

Strain  1. 

Strain  3. 

in  1  cc. 

Incubation 
period. 

Result  of  inoculation. 

Incubation  period. 

Result  of  inoculation. 

cc. 

days 

days 

1 

4 

Died  in  9  days. 

No  test  made. 

No  test  made. 

0.1 

4 

"      "  8     " 

3 

Died  in    8  days. 

0.01 

3i 

"      "  7      " 

4 

It        It       g        It 

0.001 

5 

Recovered. 

3 

tt            ((           '7            It 

0.0001 

6i 

Died  in  1 1  days. 

5 

it            tt          Q            (( 

0.00001 

No  infection. 

5 

"      "  10     " 

The  animals  used  for  this  experiment  served  at  the  same  time  as  controls  for 
the  therapeutic  experiments  reported  in  Table  III. 

made  in  saline  solution  in  a  ratio  of  approximately  1  gm.  to  10  cc. 
After  the  coarse  tissue  fragments  had  settled,  the  turbid  supernatant 
portion  was  employed  for  inoculation.  Ascending  tenfold  dilutions 
were  prepared  with  0.9  per  cent  saline  solution,  and  1  cc.  was  injected 
intraperitoneally  into  guinea  pigs,  one  animal  being  used  for  each 
dilution.  Table  II  gives  the  minimum  lethal  dose  as  determined  for 
Morropon  Strains  1  and  3.  The  approximate  minimum  lethal  dose 
for  Strain  1  lies  between  0.0001  and  0.00001  cc,  and  that  of  Strain 
3  beyond  0.00001  cc.  The  grade  of  virulence  of  the  strains  is,  there- 
fore, about  the  same  as  that  of  strains  previously  studied. 
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Therapeutic  Experiments  with  Anti-icleroides  Serum. 

The  reaction  of  the  Peruvian  strains  towards  the  a.nti-icteroides 
immune  serum  prepared  with  the  Guayaquil  strains  confirms  the 
other  evidence  of  the  identity  of  the  organisms.  It  has  been  shown 
in  our  iirst  paper"  that  the  Icptospira  from  Peru  gave  a  positive 
Pfeiffer  reaction  with  this  immune  serum.  In  the  present  series  of 
experiments  the  object  was  to  determine,  in  guinea  pigs  given  muhiple 
minimum  lethal  doses  of  Morropon  Strains  1  and  3,  the  prophylactic 
and  curative  values  of  a  specific  polyvalent  anti-icteroides  immune 
horse  serum.  The  immune  serum  was  administered  in  varying 
quantities  and  at  different  periods  after  inoculation,  even  after  the 
appearance  of  symptoms,  up  to  the  time  when  the  animals  were  fast 
approaching  the  terminal  stage  of  the  disease  induced.  The  guinea 
pig  kidney  emulsions  used  for  infecting  the  animals  were  injected 
intraperitoneally  in  uniform  amounts  of  0.2  cc,  this  dose  representing 
at  least  2,000  minimum  lethal  doses  of  Strain  1  and  20,000  minimum 
lethal  doses  of  Strain  3.  The  immune  serum  was  given  intraperi- 
toneally also  in  doses  of  0.00001,  0.0001,  0.001,  0.01,  and  0.1  cc, 
contained  in  saline  solution  to  a  total  volume  of  1  cc,  and  finally 
1  cc.  of  undiluted  serum.  In  order  to  ob\'iate  the  factor  introduced 
by  an  occasional  unusually  refractor}'  animal,  more  than  two  of 
the  recently  brought  guinea  pigs  were  used  in  testing  the  effect  of 
each  dose  of  serum.  Table  III,  which  sununarizes  the  results, 
brings  out  the  following  points,  (a)  The  anti-icteroides  serum  is 
capable  of  checking  the  development  of  the  infection,  provided  a 
sufficiently  large  quantity  is  given  during  the  incubation  period. 
The  four  deaths  which  took  place  among  animals  treated  during 
this  period  occurred  among  those  which  did  not  receive  serum  until 
72  hours  after  inoculation;  i.e.,  at  the  end  of  the  incubation  period. 
(b)  A  quantity  of  serum  larger  than  0.01  cc,  given  during  the  febrile 
stage  (96  hours  after  inoculation)  usually  prevented  the  infection  from 
reaching  the  icteric  stage.  This  was  true  particularly  with  the  ani- 
mals infected  with  Strain  1 ,  which  had  scarcely  a  tenth  of  the  \irulence 
of  Strain  3.  (c)  The  effect  of  the  serum  became  uncertain  when  it 
was  given  during  the  icteric  stage  (5  to  6  days  after  inoculation). 
With  0.01  cc.  no  animal  was  saved,  while  0.1  cc.  saved  three  out  of 
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four  infected  with  Strain  3,  but  none  with  Strain  1.  1  cc.  of  undiluted 
serum  saved  one  out  of  three  with  Strain  1  and  three  out  of  four  with 
Strain  3.  That  the  proportion  of  recoveries  among  the  animals 
treated  during  the  icteric  stage  does  not  correspond  with  the  virulence 
of  the  strains  can  be  explained  only  on  the  basis  of  the  natural  resis- 
tance of  individual  guinea  pigs;  at  all  events,  death  occurred  in 
both  groups,  even  when  1  cc.  of  serum  was  given. 

TABLE    III. 

Protective  and  Curative  Effect  of  Anti-ictcroides  Serum  in  Guinea  Pigs  Expert- 


mentally  Infeclea 

with  Leptospira 

icteroides. 

Amount  of 
serum. 

Animals  treated  be- 
fore beginning  of 
fever. 

Animals  treated  dur- 
ing febrile  stage. 

Animals  treated  after 
jaundice  appeared. 

Strain. 

2 

e3 

■s 

§ 

•6 

a 

"3 
o 
H 

■o'-§ 

5 

O 

H 

■6 

> 

S 

a 

0.2    cc.   of    Strain    1 

cc. 

0.0001 

2 

1 

1 

culture,    represent- 

0.001 

5 

5 

0 

3 

0 

3 

ing  2,000  minimum 

0.01 

4 

4 

0 

5 

5 

0 

2 

0 

2 

lethal  doses. 

0.1 

4 

4 

0 

3 

3 

0 

2 

0 

2 

1 

4 

4 

0 

3 

1 

2 

0.2    cc.    of   Strain   3 

0.0001 

2 

2 

0 

culture,    represent- 

0.001 

6 

S 

1 

2 

0 

2 

ing    20,000    mini- 

0.01 

6 

4 

2 

5 

3 

2 

2 

0 

2 

mum  lethal  doses. 

0  1 

3 

3 

0 

3 

3 

0 

4 

3 

1 

1 

2 

2 

0 

4 

3 

1 

The  controls  without  serum  treatment  are  represented  by  the  animals  of  the 
experiment  recorded  in  Table  II. 


Resistance  of  Native  and  Imported  Guinea  Pigs  to  Leptospira  icteroides. 

Certain  tests  made  with  guinea  pigs  obtained  in  Payta  suggested 
that  the  native  Peruvian  guinea  pigs  are  more  refractory  to  the 
leptospira  than  guinea  pigs  brought  from  New  York.  To  determine 
this  point  four  groups  of  guinea  pigs  were  inoculated,  on  May  16, 
1920,  with  a  uniform  amount  of  kidney  emulsion  from  a  guinea  pig 
which  had  shown  a  typical  infection  with  Morropon  Strain  4.     The 
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animals  inoculated  comprised:  (1)  fifteen  native  guinea  pigs  which 
had  once  been  inoculated  with  culture  materials  in  Payta,  without 
any  definite  infection  having  been  induced;  (2)  six  native  guinea 
pigs  which  had  not  been  used;  (3)  eight  American  guinea  pigs  which 
had  formerly  been  inoculated  with  culture  materials  in  Payta,  without 
infection  ha\'ing  been  induced;  and  (4)  four  newly  imported  American 
guinea  pigs.  Table  IV  summarizes  the  result.  It  will  be  noted  that 
the  virulence  and  dose  of  the  strain  used  were  such  that  even  the 
young  American  guinea  pigs,  used  as  a  standard  of  susceptibility, 
did  not  all  develop  a  fatal  infection.  This  effect  was  rather  an 
advantage,  since,  had  multiple  fatal  doses  been  given,  the  difference 
in  susceptibility  might  not  have  come  out  so  clearly. 

TABLE   IV. 
Relative  Resistance  of  Native  and  American  Guinea  Pigs  to  Leptospira  icleroides. 


Guinea  pigs. 


Native  (once  used) 

"       (nonnal) 

American  (old  lot;  once  used). 
"         (new  lot;  normal) .  . 


Total  No. 
injected. 

Escaped 

Animals  showing 
definite  infection.* 

jaundice). 

Recovered. 

Died. 

15 

9 

1 

S 

6 

6 

8 

3 

3 

2 

4 

0 

2 

2 

'  This  includes  guinea  pigs  which  showed  typical  lesions  when  killed. 


The  striking  feature  of  the  foregoing  experiment  is  the  complete 
resistance  of  all  six  normal  native  guinea  pigs  in  contrast  to  the 
four  normal  .American  animals,  of  which  two,  at  least,  died  of  a  tj'pical 
infection.  lAmong  the  animals  inoculated  on  a  former  occasion, 
both  the  native  and  the  American  groups  contained  susceptible  as 
well  as  refractory  ones,  the  difference  being  that  a  larger  proportion 
of  the  native  (60  per  cent)  than  of  the  American  (37.5  per  cent)  proved 
resistant. 

The  relatively  large  proportion  of  resistant  animals  among  the 
native  guinea  pigs,  as  well  as  among  the  American  guinea  pigs  which 
had  withstood  the  unfavorable  climate  and  other  hardships,  is  a 
point  to  be  taken  into  account  in  future  work. 


HIDEYO   NOGUCHI   AND   I.   J.    KLIGLER  259 

Deterioration  of  Rabbit  Serum  through  Age. 

That  an  alteration  takes  place  in  rabbit  serum  when  it  is  subjected 
to  long  transportation  in  a  hot  climate  is  evident  from  the  fact  that 
no  growth  of  Leptospira  icteroides  could  be  obtained  with  such  serum. 
On  the  other  hand,  old  rabbit  serum  which  has  been  kept  in  the 
refrigerator  up  to  6  weeks  has  been  found. still  suitable  for  making 
subcultures  of  icteroides.  Whether  the  same  would  be  true  after  2 
or  3  months  standing  at  4°C.  has  not,  however,  been  determined. 

The  rabbit  serum  which  was  used  in  the  cultivation  experiments  in 
Payta^  was  3  months  old  and  had  been  exposed  to  the  ordinary 
tropical  temperature  of  the  region,  which  is  sometimes  40°C.  during 
the  day,  and  it  contained  considerable  precipitate.  It  was  thought 
probable  that  the  deterioration  of  the  serum  through  age  and  climatic 
conditions  might  have  been  a  factor  in  the  unsuccessful  outcome  of 
the  Payta  experiments.  Moreover,  another  lot  of  serum,  which  had 
been  collected  in  New  York  in  April  and  hermetically  sealed,  was 
brought  down  to  Piura  under  ordinary  temperature  conditions. 
Some  tubes  contained  precipitate,  while  others  had  remained  clear. 
It  was  used  when  50  days  old  for  making  subcultures  of  four  Mor- 
ropon  strains  of  the  leptospira,  but  when  the  culture  tubes  were 
examined  10  days  later  no  growth  could  be  found.  Fearing  a  possible 
loss  of  all  strains,  we  made  two  more  sets  of  subcultures  of  the  same 
strains,  one  set  with  the  old  and  another  with  fresh  rabbit  serum. 
With  the  media  containing  the  fresh  rabbit  serum  a  rich  growth  took 
place  with  three  of  the  four  strains,  but  there  was  no  growth  in  the 
tubes  prepared  with  the  old  serum. 

Other  factors,  however,  made  it  difficult  to  determine  how  impor- 
tant it  is  in  general  to  employ  fresh  serum  in  culture  work  with 
icteroides.  The  Peru\ian  strains  were  unusual  in  that  they  early 
degenerated  in  culture.  The  initial  cultures  from  human  cases  never 
became  very  rich,  and  they  disappeared  within  about  3  weeks.  The 
first  generation  cultures  from  the  infected  guinea  pigs  grew  fairly 
well  within  a  week,  but  at  the  end  of  2  weeks  examination  showed 
only  a  few  active  organisms  and  many  degenerating.  Of  the  cultures 
of  Strain  3,  none  was  alive,  and  injection  into  guinea  pigs  failed  to 
recover  it.     The  remaining  strains  (Nos.  1,  2,  and  4)  were  successfully 


260  PERXJVIAN   STRAINS   OF   LEPTOSPIRA  ICTEROIDES 

subcultured  by  using  fresh  rabbit  serum,  as  noted  above.  It  is 
certain  that  all  the  strains  would  have  been  lost  if  we  had  relied 
entirely  on  the  old  serum.  The  present  study  does  not  indicate 
whether  the  importance  of  using  fresh  serum  applies  only  to  the 
primary  human  and  recently  isolated  generations  or  even  to  remote 
subcultures. 

SUMMARY. 

Serum  frorn  yellow  fever  convalescents  from  Payta,  Piura,  and 
Morropon  gave  a  positive  Pfeiffer  reaction  with  the  strains  of  Lepto- 
spira icteroides  isolated  in  Guayaquil  and  Merida.  The  serum  also 
protected  the  guinea  pigs  from  these  strains  in  the  majority  of  in- 
stances. The  Pfeiffer  reaction  was  complete  with  all  recent  con- 
valescents (7  to  36  days)  but  slight  or  partial  in  some  instances 
with  serum  derived  from  individuals  who  had  had  the  attack  of 
yellow  fever  10  months  preAiously. 

The  virulence  of  the  Morropon  strains  was  found  to  be  approxi- 
mately the  same  as  that  of  the  Guayaquil  or  Merida  strains.  With 
one  strain  the  minimum  lethal  dose  for  the  guinea  pig  was  less  than 
0.00001  cc.  of  a  kidney  emulsion  from  an  infected  guinea  pig. 

Suitable  quantities  of  the  anti-icteroides  serum  administered  to 
guinea  pigs  inoculated  with  2,000  to  20,000  minimum  lethal  doses  of 
infective  material  prevented  the  development  of  the  infection,  or 
a  fatal  outcome,  according  as  the  serum  was  given  during  the  incu- 
bation period  or  after  fever  had  appeared.  The  earlier  the  adminis- 
tration of  the  serum  the  smaller  was  the  quantity  needed;  during 
the  incubation  period  0.0001  to  0.001  cc.  was  sufficient,  during  the 
febrile  period  0.01  to  0.1  cc.  was  required  to  check  the  progress  of 
the  disease,  and  even  at  the  time  when  jaundice  had  already  appeared, 
the  injection  of  0.1  to  1  cc.  saved  three  out  of  four  animals  inoculated 
with  Strain  3  and  one  out  of  three  inoculated  with  Strain  1. 

The  native  guinea  pigs  secured  in  Payta  proved  to  be  unusually 
refractory  to  infection  with  Leptospira  icteroides  as  compared  with 
normal  guinea  pigs  recently  imported  from  New  York. 

Fresh  rabbit  serum  is  recommended  for  culture  work  with  Lepto- 
spira icteroides. 


MIGRATION  OF  LYMPHOCYTES   IN  PLASMA  CULTURES 
OF  HUMAN  LYMPH  NODES. 

By  warren  H.  LEWIS,  M.D.,  and  LESLIE  T.  WEBSTER,  M.D. 

{From  the  Department  of  Embryology  of  Carnegie  Institution  of  Washington  and 
the  Department  of  Pathology,  Johns  Hopkins  Medical  School,  Baltimore.) 

Plates  10  and  11. 

(Received  for  publication,  October  7,  1920. 

In  this  study  plasma  cultures  were  made  from  normal  and  patho- 
logical lymph  nodes  obtained  from  operations  at  the  Johns  Hopkins 
Hospital.  The  method  was  as  follows:  Pieces  were  dropped  into 
Locke-Lewis  solution,  and  while  in  the  solution  were  cut  into  small 
fragments  0.5  mm.  or  less  in  diameter.  About  5  cc.  of  blood,  with- 
drawn into  a  small  parafl&n-lined  test-tube,  were  kept  cool  in  a  freez- 
ing mixture  before  centrifugalization.  The  centrifugalized  blood  was 
kept  in  the  original  tube  surrounded  by  the  freezing  mixture  and  the 
plasma  drawn  oft'  as  the  cultures  were  made.  Cultures  were  made  as 
rapidly  as  possible,  in  the  usual  manner,  the  number  varying  from 
20  to  60  in  the  dift'erent  series.  Sometimes,  however,  2  hours  elapsed 
from  the  tim_e  the  node  was  removed  until  the  final  cultures  were 
made.  The  differences  in  time  did  not  seem  to  affect  the  outgrowth 
from  the  explant.  Both  auto-  and  homoplasma  were  used,  but  no 
differences  in  the  outgrowths  were  observed. 

The  lymphocytes  were  almost  always  the  first  cells  to  migrate  out 
into  the  plasma  clot.  In  autoplasma  migration  was  observed  within 
1  to  2  hours,  and  in  homoplasma  1|  to  2\  hours  after  the  cultures 
were  put  in  the  warm  box.  The  nmnber  of  series  of  cultures  was  not 
sufficient  to  determine  whether  the  initial  latent  period  varies  with 
the  type  of  plasma  and  of  tissue.  The  lymphocytes  continue  to 
migrate  out  into  the  clot  for  2  or  more  days,  or  until  practically  all 
those  which  are  living  have  left  the  explant.  They  migrate  out  into 
the  plasma  clot  much  more  readily  than  onto  the  cover-slip  over  the 
liquefied  areas.     Liquefaction  of  the  clot,  as  a  rule,  was  delayed  for 
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a  day  or  two  and  varied  greatly  in  extent.  In  some  of  the  cultures 
however,  the  process  began  almost  immediately  after  the  cultures 
were  made  and  in  the  course  of  an  hour  the  explants  were  more  or 
less  surrounded  by  fluid.  In  these  cultures  lymphocytes  were  seen 
migrating  out  into  the  part  of  the  clot  which  still  remained  attached 
to  the  explant.  Comparatively  few  lymphocytes,  on  the  other  hand, 
migrated  out  onto  the  cover-slip  over  the  liquid  area.  In  some 
instances  one  portion  of  the  clot  was  almost  free  from  lymphocytes 
while  another  portion,  attached  to  the  explant,  was  full  of  them. 
Lymphocytes  which  came  to  the  surface  of  the  explant  bordering 
the  Uquefied  area  fell  to  the  bottom  of  this  area,  as  many  spherical 
lymphocytes  were  seen  on  the  lower  surface  of  the  liquid. 

The  lymphocytes  which  appeared  on  the  cover-slip  over  the  lique- 
fied area  were  generally  associated  with  the  large  wandering  cells 
(Figs.  6,  8,  and  9)  and  with  the  giant  cells.  As  the  last  two  types  of 
cells  migrated  out  from  the  explant  they  occasionally  carried  with 
them  one  or  more  lymphocytes,  the  number  sometimes  being  very 
large,  which  moved  about  on  the  under,  free  surface  of  the  large 
cells  and  tended  to  remain  there,  rather  than  to  wander  off  onto  the 
cover-slip.  Small  lymphocytes  could  often  be  seen  creeping  around 
on  a  large  giant  cell,  or  moving  back  and  forth  in  various  directions, 
reaching  the  edge  of  the  cell  but  rarely  leaving  it  to  proceed  onto  the 
cover-slip;  they  sometimes  came  to  rest,  assuming  a  rounded  form, 
but  still  remained  attached  to  the  large  cell.  Apparently  they 
adhered  more  readily  to  the  flat  wandering  cells  and  giant  cells 
than  to  the  cover-slip.  In  fixed  specimens  the  lymphocytes  remained 
attached  to  these  large  cells  (Figs.  8  and  9). 

Lymphocytes  sometimes  tended  to  clump  together  in  clusters  of 
half  a  dozen  or  more.  This  clumping  usually  took  place  in  the 
neighborhood  of  either  small  wandering  cells  or  some  foreign  body. 
It  resembled  an  agglutination  without  actual  fusion  of  the  cells. 
Only  comparatively  few  of  the  lymphocytes  tended  to  adhere  together 
in  this  manner.  The  same  phenomenon  was  observed  in  cultures 
(1)  from  normal  nodes  in  both  autoplasma  and  homoplasma,  (2) 
from  lymphadenitis  specimens  in  autoplasma,  (3)  from  tuberculous 
nodes  in  homoplasma,  and  (4)  from  metastatic  sarcomatous  nodes  in 
homoplasma. 


WARREN  H.   LEWIS  AND  I^SLIE  T.  WEBSTER  263 

Paths  of  Migration. 

In  general,  the  lymphocytes  migrated  away  from  tlie  explant  and 
tended  to  spread  out  radially  from  it.  When  the  route  pursued  by 
indi\'idual  lymphocytes  was  observed  in  detail,  however,  it  was  found 
that  they  did  not  progress  in  direct  radial  lines  away  from  the  explant 
but  moved  in  very  irregular  paths,  as  shown  in  Figs.  1  to  5.  They 
sometimes  made  complete  circles  within  a  diameter  of  0.033  mm.  or 
less,  or  came  almost  to  rest  and  turned  and  twisted  about  in  a  space 
of  0.006  mm.  or  less.  They  often  migrated  more  or  less  rapidly  for 
a  few  minutes,  then  came  to  rest,  assumed  a  rounded  form,  and 
remained  stationary  for  varying  periods  of  time,  from  a  few  minutes 
to  an  hour  or  more.  When  the  IjTnphocytes  began  to  migrate  again 
they  did  not  always  continue  in  the  same  direction.  They  crossed 
one  another's  paths  without  apparent  deflection,  or  came  into  contact 
with  one  another  without  adhering.  Contact  with  other  cells  or 
fibrous  threads  caused  more  or  less  deflection  from  the  original  course. 
It  was  not  uncommon  tp  see  a  IjTnphocyte  come  squarely  against 
a  strong  fibrous  thread  with  force  enough  to  indent  deeply  the  nucleus 
so  as  almost  to  divide  it  in  two,  remain  there  for  a  few  seconds,  and 
then  slide  off  to  one  side  or  the  other  and  continue  its  general  course, 
the  nucleus  returning  to  its  original  form.  The  nuclei  seemed  semi- 
solid and  very  plastic,  and  continually  changed  shape  as  the  cells 
met  one  obstruction  after  another;  even  when  no  obstruction  was 
encountered,  the  nuclei  underwent  many  changes  in  form  as  the  cells 
twisted,  turned,  and  elongated  during  migration.  Sometimes  the 
lymphocytes  came  up  towards  the  cover,  or  penetrated  into  the  depths 
of  the  clot,  or  migrated  between  the  clot  and  the  cover-sUp;  but  as 
stated  before,  they  generally  migrated  in  the  clot  away  from  the 
explant.  They  did  not  appear  to  follow  the  fibrin  threads  but 
occupied  the  spaces  between  the  latter.  Migration  from  the  explant 
continued  until  very  few  or  only  dead  ones  were  left.  There  were 
always,  of  course,  many  more  per  cubic  millimeter  near  the  explant 
than  towards  the  periphery  of  the  clot,  with  occasional  exceptions  in 
old  cultures. 
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TABLE   I. 


Series. 


(17)  Carcinoma  in  homo- 
plasma.  Ij  hr.  cul- 
ture; 39°C.  (Fig.  4). 

(15)  Normal  node  in 
horaoplasma.  4  hr. 
culture;  3S°C. 

(8)  Metastatic  sarcoma 
in  homoplasma.  4  hr. 
culturf . 

(12)  Lymphadenitis 
specimen    in    homo- 
plasma.     24  hr.  cul- 
ture; 3S.5°C.  (Fig.  3.) 


(16)  Normal  node  in 
homoplasma.  24  hr. 
culture;  39^0°C. 


(13)  Normal  node  in 
homoplasma.  20  hr. 
culture;  37.S''C.  (Fig. 
2). 


(18)  Tuberculous  node 
in  homoplasma.  48 
hr.  culture. 


Distance  traversed  in  successive  min. 


Maximum. 


(1)  8-4-13-9-8-2-5* 


(2)4-11-15-11 

(3)  11-13-10 

(4) 9-15-13-4-7-9 

(5)  18-12-12-18-12-17 


(6)  4-15-6-6-7-12-9-8-9-12- 

17-12-8-9-5-14-21-13 

(7)  4-8-10-7-14-8-9-14-12-9-8 
(8) 0-2-3-12-7-6-8-10-21-9 
(9) 8-12-8-5-14-9-6-10-13-9- 

9-8 
(10) 5-7-6-10-5-6-2-9-9-7-11 

(11)  18-15-12-?-?-?-! 1-15-12- 

22-7-8 

(12)  8-5-17-5 

(13) 8-7-10-9-8-8-8 
(14) 8-5-9-8-7-6-8-7 
(15) 4-10-5-8-10-13-6-5-8-1 1 
(16)17-11-12-6-15-18 
(17)  7-12-3-8^-10-3-5-11-8-5- 
6-15-12-11-8-5-9 

(18) 6-9-6-5-1-7-5-0-0-0-8-6- 
3-6-7-7-10-3-6-6-2-7- 
2-8-5-0-0-0-0-2-2-2- 
1-8-6-7-0-0-0-0-5-5- 
0-0-0-0-0-0-2-4-4-5- 
6-0-0-0-0-0-0-0- 

(19) S-21-16-10-15-14-8-12 


Rate  of  travel  per  min. 


0.0173 


0.02 

0.0173 

0.02 

0.0243 


0.028 


Minimum. 


0  0146 
0.0293 

0.0227 

0.0133 
0.0120 
0  0173 
0.024 
0.02 


0.0133 


0.028 


0.0026 


0.0053 
0  0133 
0.0053 

0.016 


0.0053 


0.0186  0.0053 
0.028  0  0026 
0.0186     0.0066 


0  0026 
0.0093 

0.0066 

0  0093 

0.0066 

0.0053 

O.OOS 

0.004 


0.0013 


0.0106 


Average. 


0  0093 


0.0136 
0.0151 
0.0113 

0.02 


0.0133 

0.0126 
0.0111 
0.0125 

0.0093 
0.0178 

0.0111 

0.0109 
0.0152 
0.0106 
0.0173 
0.0106 


0.0069 


0.0173 


*  The  figures  for  the  distance  traversed  are  given  in  millimeters  multiplied 
by  750. 


WARREN   H.    LEWIS   A^B   LESLIE   T.    WEBSTER 


265 


TABLE  I — Concluded. 


Rate  of  travel  per  rain. 

Series. 

Distance  traversed  in  successive  min. 

Maximum. 

Minimum. 

Average. 

mm. 

mm. 

mm. 

(8)  Metastatic          sar- 

(20) 8-14-12-12-?-?-0-O-0-0 

0.0186 

0.0106 

0.0152 

coma  in  homoplasma. 

for  30  min. 

48  hr.  culture;  38.5- 

(21) 10-12 

0.016 

0.0133 

0.0146 

39.5°C. 

(22)  9-8-8-7-10-7 

(23)  18  (Fig.  1) 

0.0133 
0.025 

0.0093 

0.0113 

(24) 12-10-10-6 

0.016 

0.008 

0.0126 

(25)  10-9-6-3 

0.0133 

0.004 

0.009 

(12)  Lymphadenitis 

(26)7-15-15-14-11 

0.02 

0.0093 

0.0165 

specimen    in    homo- 

(27) 13-1-5-11 

0.0173 

0.0013 

0.01 

plasma.     44  hr.  cul- 

ture. 

(9)  Tuberculous  node  Ln 

(28)  6-6-5-5 

0.008 

0.0066 

0.007 

autoplasma.      4   day 

(29)  5-5-5^-2-3-5-7 

0.0093 

0.0026 

0.006 

culture  (Fig.  5). 

(30)5-8-2-9-8-11-6 

0.0146 

0.0026 

0.0093 

(31)5-5-2-6-6-10 

0.0133 

0.0026 

0.0096 

(18)  Tuberculous   node 

(32) 10-12-9-6-5-8-3-4-3-8 

0.016 

0.004 

0.0077 

in    homoplasma.      7 

(33)7-5-6-8-11-11-10-12 

0.016 

0.0066 

0.0116 

day  culture;  37.5°C. 

(34) 10-13-12 

0.0173 

0.0133 

0.0154 

(35) 5-4 

0.0066 

0.0053 

0.006 

Rate  of  Migration. 

The  rate  of  migration  was  studied  by  camera  lucida  drawings  made 
at  minute  intervals  with  a  magnification  of  750  or  1,250  diameters. 
Most  of  the  lymphocytes  migrated  out  of  the  field  of  the  camera  in 
a  few  minutes,  so  that  the  period  of  observation  for  any  one  lympho- 
cyte was  usually  rather  short.  There  was  great  irregularity  in  the 
distance  covered  during  successive  intervals.  The  greatest  distance 
traversed  during  1  minute  was  0.03  mm.,  the  maximum  distances  for 
the  different  lymphocytes  varying  from,  0.03  to  0.006  mm.  The 
minimum  varied  much  more;  namely,  from  0.013  to  0.0013  mm. 
per  minute.  This  was  to  be  expected,  since  lymphocytes  often 
slowed  down  before  they  came  to  rest.  The  average  rate  varied  from 
0.02  to  0.006  mm.  per  minute.     Determinations  were  made  in  cul- 
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tures  from  1?;  hours  to  7  days  old,  Ijut  no  especial  differences  were 
noted  in  the  rate  of  migration.  Measurements  were  also  made  of 
lymphocytes  (1)  from  normal  nodes  in  homoplasma,  (2)  from  lym- 
phadenitis specimens  in  homoplasma,  (3)  from  tuberculous  nodes  in 
auto-  and  homoplasma,  (4)  from  metastatic  sarcomatous  nodes  in 
homoplasma,  and  (5)  from  a  metastatic  carcinomatous  node  in 
homoplasma,  but  the  rate  of  migration  was  essentially  the  same  in 
all,  as  shown  in  Table  I.  The  observations  were  not  extensive  enough 
to  draw  conclusions  as  to  the  meaning  of  the  variations  in  rate  in 
cultures  of  different  ages  or  in  the  different  combinations  of  plasma 
and  explant.  We  have  not  been  able  to  discover  any  differences  in 
lymphocytes  from  normal  and  pathological  nodes. 

Hirschfeld'  in  1901  observed  the  ameboid  activity  of  lymphocytes  from  a 
case  of  lymphatic  leucemia,  using  Deetjen's  method  by  placing  a  drop  of  leu- 
cemic  blood  on  a  film  of  1  per  cent  agar  which  contained  0.6  gm.  of  sodium  chlo- 
ride, 6  to  8  cc.  of  a  10  per  cent  solution  of  sodium  metaphosphate,  and  S  cc.  of  a 
10  per  cent  solution  of  dipotassium  phosphate,  per  100  cc. 

Structure. 

The  appearance  of  the  cytoplasm  of  the  living  lymphocyte  differed 
from  that  of  the  other  cells.  This  was  more  noticeable  in  the  elon- 
gated moving  lymphocyte.  It  is  difficult  to  describe  other  than  that 
it  was  darker  and  less  transparent.  The  cytoplasm  seemed  to  be 
rather  firm  in  consistency,  since  it  rarely  spread  out  into  a  very  thin 
layer  like  that  of  the  wandering  cells.  The  Ijanphocytes  in  fresh 
cultures  contained  very  few  granules,  and  with  neutral  red  only  two 
or  three  granules  at  most  became  red.  In  older  cultures  there  was  a 
gradual  increase  in  the  number  of  granules  which  took  up  the  neutral 
red.  They  were  always  small  and  did  not  seem  to  have  vacuoles 
about  them.  The  mitochondria  were  difffctilt  to  see  unless  colored 
with  Janus  green  or  Janus  black  No.  2.  They  were  few  in  nxrmber, 
granular  in  form,  and  small.  Lymphocytes  often  contained  one  or 
more  fat  globules  (Fig.  1).  In  the  migrating  l^Tnphocytes  one  could 
usually  distinguish  a  homogeneous  ectoplasm  and  a  darker  endoplasm 
which  contained  the  granules  and  mitochondria. 

»HirschfeId,  H.,  Ber!.  klhi.  Woch.,  1901,  x.xxviii,  1019. 
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The  nucleus  had  a  peculiar  waxy  appearance;  it  appeared  to  be 
homogeneous  or  structureless,  and  the  nucleolus  was  very  difficult 
to  discern. 

Shape. 

The  resting  lymphocytes  (Figs.  1,  6,  and  7),  and  those  that  had 
fallen  to  the  bottom  of  the  hquefied  area,  were  usually  more  or  less 
spherical  and  presented  the  characteristic  picture  of  a  thin  shell  of 
cytoplasm  enclosing  a  comparatively  large  nucleus  eccentrically 
placed.  The  migrating  or  moving  lymphocytes,  on  the  other  hand, 
had  a  peculiar,  elongated  shape,  with  the  nucleus  always  at  or  very 
near  the  anterior  or  forward-moving  end  (Figs.  1  to  5  and  8  to  10). 
The  cells  seemed  to  possess  a  distinct  polarity.  The  degree  of  elon- 
gation varied  during  successive  minutes,  but  the  nucleus  was  always 
near  the  anterior  end  with  a  small  amount  of  ameboid  cytoplasm  in 
front  which  was  continually  changing  shape  and  was  sometimes  so 
small  in  extent  as  to  be  scarcely  visible.  This  anterior  cytoplasm 
was  homogeneous  and  free  from  granules.  There  was  usually  very 
little  cytoplasm  at  the  side  of  the  nucleus;  the  bulk  of  it,  in  these 
migrating  cells,  lay  behind  the  nucleus  and  was  more  or  less  finger- 
shaped,  consisting  of  a  thin  ectoplasm  enclosing  an  endoplasm  which 
contained  mitrochondria  and  granules.  The  nuclear  region  was  often 
the  broadest  part  of  the  cell,  but  the  nucleus  itself  was  very  plastic 
and  was  continually  changing  shape,  although  it  seemed  to  be  more 
solid  than  the  cytoplasm. 

When  the  lymphocytes  came  to  rest  and  assumed  a  rounded  form, 
the  large  cytoplasmic  tail  formed  the  thicker  part  of  the  cytoplasmic 
rim  and  forced  the  nucleus  into  a  slightly  eccentric  position;  when 
the  lymphocytes  began  to  move  and  stretched  out,  this  thickened 
part  of  the  cytoplasmic  rim  fonned  the  elongated  tail.  The  resting 
as  well  as  the  migrating  cells  possessed  a  distinct  polarity. 

We  were  not  able  to  distinguish  a  centriole  or  a  central  area  as  in 
the  mesenchyme  cells  of  chick  embryos,  so  that  it  was  impossible  to 
determine  whether  polarity  had  any  relation  to  a  centriole.  The 
living  lymphocytes  in  the  plasma  clot  were  remarkably  constant  in 
size,  shape,  and  structure,  and  showed  no  tendency  toward  transition 
to  other  types  of  cells.     They  were  easily  recognized,  either  at  rest 
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or  during  migration,  and  their  general  appearance  was  so  distinctive 
that  they  were  never  confused  with  the  other  types.  Occasionally 
a  large  mononuclear  cell  was  seen  which  resembled  a  lymphocyte 
in  every  particular  except  size.  The  general  appearance  of  the 
cytoplasm  and  nucleus  was  similar.  They  migrated  with  the  nuclear 
end  first  and  were  then  elongated,  but  assunied  a  more  or  less  rounded 
form  when  at  rest  (Fig.  4). 

In  fixed  and  stained  preparations  the  lymphocytes  found  on  the 
surface  of  the  large  wandering  cells  and  giant  cells,  and  more  rarely 
on  the  cover-sUp,  showed  a  greater  diversity  of  form  than  the  living 
ones  in  the  plasma  clot  (Figs.  8  to  10).  This  was  probably  due  to  the 
peculiarities  of  the  environment  during  hfe,  where  they  had  a  more 
or  less  flat  surface  to  which  they  could  adhere  and  upon  which  they 
could  spread  out 

Neither  mitosis  nor  amitosis  was  observed  in  lymphocytes.  All 
the  lymphocytes  studied  were  menonuclear. 

SUMMARY. 

1.  Lymphocytes  were  usually  the  first  cells  to  migrate  out  into  the 
plasmic  clot  from  explanted  pieces  of  lymph  nodes. 

2.  Their  paths  of  migration  were  irregular  but  in  general  they 
proceeded  away  from  the  explant. 

3.  The  lymphocytes  migrated  at  rates  varying  from  0.03  to  0.0013 
mm.  per  minute.  The  rate  of  any  one  varied  from  minute  to  minute, 
and  they  often  came  to  rest  for  varying  lengths  of  time. 

4.  The  migrating  lymphocytes  were  very'  much  elongated,  with 
the  nucleus  always  near  the  anterior  end.  The  elongated  tail  con- 
tained the  endoplasm  with  a  few  granular  mitochondria  and  usually 
a  few  granules  which  took  up  neutral  red. 

5.  The  lymphocytes  in  cultures  made  from  normal  and  pathological 
lymph  nodes  in  auto-  and  homoplasma  showed  no  differences. 
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EXPLANATION  OF  PLATES. 
Plate  10. 

Fig.  1.  48  hour  culture  from  a  metastatic  sarcomatous  node  in  homoplasma. 
A  migrating  lymphocyte  (No.  23,  Table  I)  at  J  minute  intervals.  The  change 
from  the  migrating  form  to  the  resting  form  and  back  to  the  migrating  is 
shown.     Distance  traversed  during  the  minute  0.025  mm.     X  1,250. 

Fig.  2.  20  hour  culture  from  a  normal  node  in  homoplasma.  A  migrating 
lymphocyte  (No.  18,  Table  I)  drawn  at  1  minute  intervals  for  1  hour.  The 
broken  arrow  points  to  the  explant.     X  750. 

Fig.  3.  24  hour  culture  from  a  lymphadenitis  specimen  in  homoplasma. 
Migrating  lymphocytes  in  the  same  field  drawn  at  1  minute  intervals.     X  750. 

Fig.  4.  I5  hour  culture  from  a  metastatic  carcinomatous  node  in  homo- 
plasma. A  migrating  lymphocyte  (No.  1,  Table  I)  and  a  large  lymphocyte 
drawn  at  1  minute  intervals.     X  750. 

Fig.  5.  4  day  culture  from  tuberculous  node  ih  autoplasma.  Four  migrating 
lymphocytes  in  the  same  field  (Nos.  28,  29,  30,  and  31,  Table  I)  drawn  at  1 
minute  intervals.     X  750. 

Plate  11. 

Fig.  6.  7  day  culture  from  a  normal  node  in  autoplasma.  Four  resting  lym- 
phocytes and  two  large  wandering  cells  on  the  cover-slip.  Neutral  red  and 
Janus  green  were  added  at  the  time  of  observation.  The  lymphocytes  showed 
neutral  red  granules  and  green  mitochondrial  granules.  The  large  wandering 
cells  had  a  deep  red  center  (dark  granular  in  the  figure)  near  the  nucleus,  sur- 
rounded by  an  extensive  area  of  fat  globules.  Mitochondria  were  abundant 
about  the  fat  area  and  extended  into  the  clear  ectoplasm.     X  750. 

Fig.  7.  96  hour  culture  from  a  metastatic  sarcomatous  node  in  homoplasma. 
Two  resting  lymphocytes  showing  neutral  red  granules.  Neutral  red  was  added 
at  the  time  of  observation.     X  1,250. 

Fig.  8.  Fixed  and  stained  specimen  from  a  48  hour  culture  of  a  tuberculous 
node  in  homoplasma.  Five  migrating  lymphocytes  are  shown  on  the  surface  of 
a  large  mononuclear  wandering  cell  which  is  spread  out  on  the  surface  of  the 
cover-slip.  The  wandering  cell  contains  dead  lymphocytes  in  various  stages  of 
digestion.     X  1,250. 

Fig.  9.  Five  migrating  lymphocytes  on  the  surface  of  another  large  wandering 
cell  from  the  same  culture  as  Fig.  8.     X  1,100. 

Fig.  10.  Nine  migrating  lymphocytes  from  the  surface  of  other  wandering  cells 
from  the  same  culture  as  Fig.  8.     X  1,250. 
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STUDIES  ON  ENDOTHELIAL  REACTIONS. 

IV.  The    Endothelium    in    Experimental    General    Miliary 
Tuberculosis  in  Rabbits. 

By  NATHAN  CHANDLER  FOOT,  JI.D. 

{From   the  Department   of  Comparative  Pathology,   George  Fahyan   Foundation, 
Harvard  Medical  School,  Boston.) 

Plate  12. 

(Received  for  publication,  September  21,  1920.) 

It  is  the  purpose  of  this  paper  and  the  others  of  the  series  (Foot,  1919,  1920, 
a,  b)  to  draw  attention  to  the  important  part  taken  by  cells,  originating  in  capil- 
lary endothelium,  in  various  types  of  inflammation.  In  the  first  paper  (Foot, 
1919)  their  reaction  to  the  presence  of  a  foreign  body  (agar-agar)  was  discussed; 
in  the  two  succeeding  their  behavior  in  experimental  subcutaneous  and  pulmonary 
tuberculosis  in  the  rabbit  was  described.  By  means  of  intravenous  injections  of 
a  colloidal  suspension  of  carbon  it  was  shown  that  the  ceUs  forming  the  foreign 
body  tubercles,  as  well  as  those  found  in  lesions  of  experimental  tuberculosis, 
were  traceable  to  the  endothelium  of  the  neighboring  capillaries.  The  present 
paper  is  a  report  of  the  histogenesis  of  the  cells  forming  the  tubercles  produced 
in  rabbits  by  the  intravenous  injection  of  tubercle  bacilli.  Such  a  general  infec- 
tion as  this  simultaneously  produces  lesions  in  various  organs,  and  the  question 
arises  whether  the  cells  found  in  all  these  are  traceable  to  the  capillary  endo- 
thelium. 

The  literature  on  experimental  tuberculosis  has  already  been  discussed  at 
length  in  the  earlier  articles  of  the  series  (Foot,  1920,  a,  b),  but  it  may  be  well  to 
review  it  briefly.  Sewell,  Watanabe,  and  Wechsberg  have  experimented  upon 
the  lung,  studying  the  lesions  produced  by  the  insuflflation  of  tubercle  bacilli 
through  the  trachea,  with  or  without  the  use  of  a  vital  staining  method.'    The 

'  A  recent  article  by  Permar  (Permar,  H.  H.,  /.  Med.  Research,  1920,  xlii,  9) 
has  appeared  since  the  present  paper  was  submitted  for  publication.  It  is  inter- 
esting to  compare  his  findings  in  experiments  on  intratracheal  injections  of  car- 
mine in  guinea  pigs  and  rabbits,  coincident  with  intravenous  administration  of 
isamine  blue,  with  those  of  this  paper  and  of  Paper  III  (Foot,  1920,  /))•  His  con- 
clusions as  to  the  endotheKal  origin  of  the  phagocytic  cells  of  the  lung  tissue  coin- 
cide in  every  way  with  mine  and  his  emphasis  of  the  non-participation  of  the 
epithelium  in  these  phenomena  of  phagocytosis  seems  well  supported  by  facts. 
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liver  has  been  extensively  studied  because  of  the  readiness  with  which  exact 
amounts  of  bacilli  can  be  introduced  into  the  intramesentcric  circulation  and 
thence  into  the  portal  vein  and  its  radicles  in  the  liver.  .Among  others  Kockel, 
Miller  (1902),Oppenheimer,  Goldmann,  Evans,  Bowman,  and  Winternitz,  Kiyono, 
and  more  recently  Soper  have  investigated  the  histogenesis  of  tubercles  produced 
by  the  intraportal  injection  of  tubercle  bacilli.  Kostcnitsch  and  Wolkow  in  1892 
studied  tuliercuious  lesions  produced  in  the  cornea  and  kidnc)'  of  the  rabbit  by 
means  of  local  injections.  So  far  as  can  be  ascertained  there  are  no  reports  on 
experimental  work  on  miliary  tuberculosis,  in  which  methods  of  vital  staining 
have  been  brought  to  bear. 

Since  the  consensus  of  opinion  has  not  been  in  favor  of  the  endo- 
thelial origin  of  the  so  called  epithelioid  cell,  particularly  in  the  case 
of  the  lung  and  kidney,  the  following  experiments  were  performed 
which  confirm  the  theory  that  the  tubercle  in  the  lung  and  kidney 
is  not  of  epithelial  origin. 

Two  vital  stains  were  employed,  one  a  benzidine  dye — Niagara 
blue  3  B^ — the  other  a  colloidal  suspension  of  carbon  in  the  form  of 
Higgins'  waterproof  India  ink,  as  in  the  preceding  experiments.  This 
is  similar  to  the  suspension  devised  by  Mcjunkin  and  more  easily 
prepared.  The  former  gives  a  granular  vital  staining  reaction,  quite 
similar  to  that  obtained  with  trypan  blue,  in  the  macrophages  of 
Metschnikoff  (a  class  of  phagocytes  designated  by  a  large  variety  of 
names, but  undoubtedly  of  endothelial  origin),  the  lymphoid  reticulum, 
the  endothelium  of  the  liver  sinusoids,  which  is  known  as  Kupffer  cells, 
the  fibroblasts,  and  the  epithelium  of  the  convoluted  tubules  of  the  kid- 
ney and,  to  a  slight  degree,  that  of  the  liver.  It  also  appears  in  the 
polymorphonuclear  neutrophils  under  conditions  of  extravascular  exis- 
tence or  circulatory  stagnation.  Necrotic  tissue  and  occasionally  elastic 
fibers  take  on  a  diffuse  blue  color  in  its  presence.  Higgins'  ink  is 
chiefly  taken  up  in  situ  by  the  endothelium  of  the  smaller  capillaries 
in  certain  organs,  but  it  is  also  phagocytosed  by  the  endothelium  any- 
where in  the  presence  of  inflammation.  The  free  endothelial  phago- 
cytes likewise  take  it  up  in  large  quantities;  if  a  benzidine  dye  is 
also  present  granules  of  carbon  and  this  dye  are  taken  up  by  these 
cells  at  the  same  time. 

^  The  Niagara  blue  3  B  was  kindly  furnished  by  Dr.  George  B.  Wislocki,  of 
the  Department  of  Surgery  of  Harvard  Medical  School. 
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Therefore  in  an  experimentally  produced  miliary  tuberculosis  in 
which  both  of  these  dyes  are  present,  the  epithelioid  cells  will  contain 
ink  only  if  they  are  the  product  of  the  only  tissue  that  takes  it  up; 
that  is,  the  endothelium.  It  was  of  particular  interest  to  determine 
whether  this  would  be  true  in  the  lesions  produced  in  the  spleen, 
lymph  nodes,  and  omentum,  where  many  phagocytes  are  present  and 
where  the  reticulum,  on  the  one  hand,  and  the  mesothelium,  on  the 
other,  have  been  considered  the  parent  tissues  of  the  epithelioid  cells. 
It  would  be  well  to  know  also  whether  or  not  the  renal  epithelium 
contributes  to  the  tubercles  in  the  kidney,  as  claimed  by  Kostenitsch 
and  Wolkow. 

By  using  the  two  dyes  together  it  is  possible  to  obtain  a  relatively 
exact  differential  staining  reaction;  the  macrophages,  lymphoid 
reticulo-endothelial  cells,  and  the  mesothelium,  and  the  convoluted 
tubules  of  the  kidney  show  a  marked  affinity  for  Niagara  blue.  Al- 
though many  of  these  cells  take  up  ink  the  renal  tubular  epithelium 
never  does  so,  and  the  others  always  show  more  blue  than  black 
granules  in  the  presence  of  both  dyes. 

Soper  has  quoted  the  e.xperience  of  other  observers,  as  well  as  himself,  to  show- 
that  the  epithelioid  cell  loses  its  affinity  for  benzidine  dyes  once  it  has  taken  up 
tubercle  bacUU,  or  has  come  under  their  influence.  In  studying  the  formation 
of  subcutaneous  tubercles  I  (1920,  a)  have  found  this  to  be  in  a  measure  true, 
as  the  cells  seem  to  become  vacuolated  and  the  dye  granules  dispersed  and  lost 
after  tubercle  bacilli  are  phagocytosed.  It  does  not  seem  that  cells  loaded  with 
these  dyes,  for  example  lymphoid  reticular  cells  or  omental  macrophages,  would 
immediately  lose  all  the  dye  in  the  presence  of  tubercle  bacilli,  nor  do  the  findings 
of  this  experiment  indicate  that  such  is  the  case. 

Rabbits  have,  therefore,  been  injected  intravenously  with  bovine 
tubercle  bacilli  and  at  the  same  time  been  vitally  stained,  the  resulting 
lesions  being  studied  to  determine  the  origin  not  only  of  their  epi- 
thelioid cells,  but  also  of  the  so  called  tubercle  reticulum.  By  combin- 
ing the  vital  and  the  usual  connective  tissue  stains  it  is  hoped  that 
new  light  may  be  shed  on  the  origin  of  this  fibrillar  structure,  particu- 
larly by  observing  its  fonnation  in  organs  normally  poor  in  collagen 
fibrils.  Kon,  and  Yoshida,  working  with  Rossle,  and  more  recently 
Warren  have  demonstrated  the  possibihty  of  its  being  produced  by 
the    endothelium.     Downey    has    discussed    the    literature    on    this 
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subject  in  connection  with  the  formation  of  the  fibrils  of  the  lymphoid 
reticulum.  Hueck's  recent  communication  further  strengthens  this 
view  which  is  discussed  more  fully  below. 

Technique. 

Four  rabbits  were  given  intraperitoneally  10  cc.  of  a  1  per  cent  solution  of  Niag- 
ara blue  3  B  (twice  purified)  in  distilled  water.  The  next  day  this  injection  was 
repeated,  with  a  1  per  cent  solution  of  the  commercially  pure  dye,  which  is  less 
concentrated.  The  3rd  day  the  injection  with  the  weaker  dye  was  repeated  and 
5  cc.  of  Higgins'  waterproof  ink  and  distilled  water,  in  equal  parts,  were  introduced 
into  an  ear  vein.  The  animals  were  now,  by  this  means,  vitally  stained;  their 
skin  and  mucosa  were  a  deep  ultramarine.  On  the  4th  day  each  was  given  1  cc. 
of  a  suspension  of  bovine  tubercle  bacilli  intravenously,  the  strain  employed  being 
one  of  those  used  and  tested  out  in  previous  e.xperiments  (Bov.  XIV),  and  the 
dilution  such  that  1  cc.  equaled  1  mg.  of  the  bacilli.  The  suspension  was  made  by 
rubbing  up  a  weighed  amount  of  culture  from  glycerol  agar  slants  in  normal  salt 
solution,  by  means  of  a  glass  bulb  pestle,  shaking  in  a  machine,  and  diluting  and 
rediluting  with  normal  saline  solution  until  the  desired  concentration  was  reached. 
Intraperitoneal  injections  of^O  cc.  of  1  per  cent  twice  purified  Niagara  blue  and- 
intravenous  injections  of  5  cc.  of  50  per  cent  Higgins'  ink  were  instituted  3  days 
later  and  administered  twice  a  week  until  the  animals  died  or  were  killed.  This 
kept  all  the  rabbits  vitaUy  stained,  with  one  exception.  Rabbit  1  was  killed 
7  weeks  after  the  experiment  was  begun,  but  the  injections  were  only  continued 
for  4  weeks,  in  this  instance,  in  order  to  see  what  would  become  of  the  dyes  accu- 
mulated in  the  tissues  during  that  time.  Later  two  other  rabbits  were  given 
one  intravenous  injection  of  1  mg.  of  the  same  strain  of  tubercle  bacilli  and  the 
dyes  were  withheld  until  the  3rd  week,  when  they  were  administered  in  exactly 
the  same  way  as  in  the  first  set  and  continued  until  the  animals  were  killed. 
The  object  was  to  begin  supplying  the  dyes  to  the  tissues  at  the  approximate  onset 
of  the  disease,  instead  of  simultaneously  with  the  inoculation. 

This  lot  of  six  rabbits  gives  a  series  of  potential  cases  of  miliary  tuberculosis 
representing  stages  of  1,  2,  2 J,  4,  5,  and  7  weeks  development.  All  except  one 
were  killed  by  injecting  4  per  cent  neutral  formaldehyde  into  the  beating  heart 
under  anesthesia.  Rabbit  2  died  of  an  intercurrent  coccal  infection  after  2  weeks, 
but  showed  a  few  pulmonary  tubercles.  The  tissues  were  fLxed  both  in  neutral 
4  per  cent  formaldehyde  and  in  HeUy's  fluid  (potassium  bichromate  2.5  gm., 
corrosive  sublimate  7  gm.,  water  100  cc,  and  neutral  40  per  cent  formaldehyde 
10  cc.)  in  order  to  compare  the  action  of  these  fixatives  on  the  intracellular  gran- 
ules of  Niagara  blue.  HeUy's  fluid  is  found  to  be  in  every  way  superior  to  neu- 
tral formaldehyde  alone;  the  granules  are  somewhat  paler  than  when  only  formal- 
dehyde is  used,  but  as  they  are  apt  to  be  very  dark  in  the  latter  case,  this  is  a 
distinct  advantage  as  it  enhances  the  blue  color  and  prevents  confusion  between 
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this  dye  and  the  ink.  Sodium  hyposulfite  should  not  be  used  to  remove  the  iodine, 
before  the  final  staining,  as  it  tends  to  bleach  the  dye  completely;  95  per  cent 
alcohol,  although  slower,  is  preferable,  as  it  does  not  affect  the  vital  stain  in  any 
way. 

.Sections  of  5  microns  were  cut  in  paraffin  and  stained  with  Mayer's  aqueous 
carmalum  (ammonia  alum  20  gm.,  carminic  acid  2  gm.,  and  distilled  water  400 
cc),  with  Mallory's  phosphotungstic  acid-hematoxylin  and  anihne  blue  connec- 
tive tissue  stain,  and  with  Delafield's  hematoxyhn  in  conjunction  with  the  Ziehl- 
Neelsen  carbolfuchsin  stain.  It  is,  of  course,  necessary  to  rely  upon  a  red  nuclear 
stain  for  the  routine  procedure,  in  order  to  get  the  best  contrasts  with  the  blue 
vital  dye;  there  is  too  httle  difference  in  color  between  this  and  hematoxyhn  or 
methylene  blue  to  render  them  available  except  for  topography  or  for  photo- 
graphic purposes.  Sections  were  also  impregnated  by  the  Bielschowsky-Maresch 
method.    Six  organs  were  chosen  for  detailed  study  as  described  below. 

Pulmonary  Lesions. 

Since  bacilli,  after  being  introduced  into  the  circulation,  are  first 
swept  into  the  pulmonary  capillaries  and,  as  Miller  (1919-20)  has 
shown,  into  the  intrapulmonary  lymph  nodules,  lesions  are  found 
developing  in  this  organ  before  they  can  be  found  elsewhere.  After 
1  week  two  types  of  tubercle  are  distinguishable.  The  first  consists 
of  small  aggregations  of  deeply  ink-stained  cells,  70  microns  in  diame- 
ter, which  in  the  light  of  their  further  development,  seem  to  be  merely 
an  agglomeration  of  phagocytic  cells  in  response  to  the  presence  of 
the  ink.  The  second  type  is  composed  of  true,  specific  tubercles, 
few  in  number  and  only  found  after  some  searching.  They  show  no 
Niagara  blue,  but  their  epithelioid  cells  contain  ink  globules.  After 
17  days  development  larger  tubercles,  about  375  microns  in  diameter, 
can  be  found.  They  show  a  few  syncytia,  or  giant  cells,  and  contain 
a  uniform  amount  of  ink  in  the  cells  composing  them.  Polymorpho- 
nuclear leucocytes  now  appear  at  the  periphery  of  the  tubercles. 
The  latter  are  obviously  interstitial  in  origin  and  are  situated  near 
the  blood  vessels  of  larger  caliber;  one  occasionally  fmds  crescentic 
thickenings  of  the  endothelium  of  these  vessels,  the  crescents  being 
deeply  impregnated  with  ink  globules.  Similar  lesions,  which  are 
not  crescentic,  are  found  in  the  intrapulmonary  lymph  nodules,  near 
bronchioles.  The  alveolar  spaces  are  not  involved  until  surrounded 
by  the  tuberculous  infiltrate,  when  they  begin  to  fill  up  with  the  large, 
emigrated  endothelial  cells  described  in  the  preceding  paper  (Foot, 
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1920,  b).  These  cells,  like  those  of  the  tubercles,  contain  fine  granules 
of  carbon. 

After  4  weeks  development  the  tubercles  are  visible  to  the  naked 
eye,  being  0.3  to  0.7  mm.  in  diameter  and  occupying  the  walls  and 
air  sacs  of  the  lobules  affected.  The  tubercles  often  include  larger 
vessels  and  cause  their  obliteration  by  overgrowth  of  the  lining 
endothelium,  which  proliferates  not  only  into  the  crescentic  masses 
just  described,  but  becomes  a  plug  of  anastomosing,  rather  stellate 
cells,  not  unlike  the  embryonal  mesenchyma  in  appearance.  Whether 
these  lesions  start  within  the  vessels  and  work  outward,  or  whether 
they  surround  and  involve  the  vessels  from  without,  is  sometimes 
difficult  to  determine.  As  the  infection  is  presumably  intravascular, 
in  this  experiment,  the  first  hypothesis  is  the  more  plausible.  All 
the  cells  composing  the  tubercles  are  dotted  with  ink  globules  and  a 
few  now  show  granules  of  Niagara  blue.  Caseation  begins  at  the 
center  of  the  larger  lesions,  the  caseous  mass  taking  on  a  diffuse  bluish 
stain.  Polymorphonuclear  leucocytes  penetrating  the  tubercles  also 
show  a  granular  blue  vital  stain,  but  no  ink.  This  indicates  that  the 
blue  dye  is  available  here,  as  elsewhere  in  the  body  and  that  it  has 
no  particular  affinity  for  the  epithelioid  cells,  whereas  the  ink  has. 
As  in  the  experiments  on  intratracheal  infection  no  activity  is  seen 
among  the  epithelial  cells,  other  than  regenerative  phenomena.  A 
light  vermilion  blush  now  suffuses  the  tubercles  in  the  Van  Gieson 
preparations,  while  a  similarly  faint  bluish  tinge  appears  in  those 
stained  with  Mallory's  connective  tissue  method.  This  can  be  seen 
to  be  due  to  the  appearance  of  delicate  fibrils  in  the  lesions,  not  only 
among  fibroblasts  but  also  in  and  between  the  ink-containing  epi- 
thelioid cells.  These  fibrillas  are  also  demonstrable  as  pinkish  threads 
with  the  phosphotungstic  acid-hematoxylin  stain.  While  they  are 
always  red  with  the  Van  Gieson  process,  they  may  be  red  or  reddish 
with  Mallory's  connective  tissue  stain,  or  blue  or  purplish  with  the 
phosphotungstic  acid-hematoxyhn.  This  would,  presumably,  indi- 
cate that  they  were  gradually  becoming  impregnated  with  collagenous 
material. 

After  5  weeks  all  these  processes  are  more  striking.  The  fibrous 
reticulum  is  now  well  formed  and  easily  seen,  the  caseation  more 
advanced  and  a  deeper  blue.     After  7  weeks  the  lung  is  so  widely 
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involved  as  to  leave  little  normal  tissue.  In  this  case,  as  noted  undei* 
Technique,  the  use  of  the  dyes  was  discontinued  in  the  4th  week; 
consequently  the  newer  tubercles  are  almost  devoid  of  ink  and  Niagara 
blue,  while  the  older  ones  show  plenty  of  both,  the  latter  in  diffuse 
form  in  the  caseous  areas.  Older  tubercles  are  sometimes  centrally 
stained  and  peripherally  free  from  the  vital  dye,  the  younger  portions 
of  the  lesion  having  apparently  formed  after  the  supply  of  available 
dye  was  exhausted.  There  are  a  great  many  intravascular,  crescen tic, 
and  deeply  ink-stained  tubercles  in  the  sections  from  this  rabbit,  as 
well  as  a  few  of  the  obliterating,  retiform  type. 

Thus  it  is  found  in  the  lung  that  the  tubercles  develop  in  and  near 
larger  vessels,  that  they  contain  much  ink,  but  little  granular  Niagara 
blue,  and  that  the  reticulum  is  formed  chiefly  in  the  epithelioid  cells. 
Groups  of  migrating  endothelial  cells  lying  free  in  the  alveoli  can  be 
seen  in  the  5  and  7  week  preparations,  in  which  delicate  fibrils  are 
demonstrable.  There  is  no  question  of  any  relation  between  these 
cells  and  the  alveolar  walls,  as  their  origin  has  been  worked  out  and 
reported  in  the  preceding  paper  (Foot,  1920,  b).  The  fibrils  first 
form  about  the  periphery  of  the  cells  by  consolidation  of  their  cyto- 
plasm and  cell  processes  (ectoplasm) ;  next  there  is  vacuolation  of  the 
endoplasm  and  a  consolidation  of  the  walls  of  the  vacuoles,  with  the 
production  of  fibrillar  circles  and  lines,  which  gradually  seem  to  twist 
and  break  into  fibrillas.  The  process  is  similar  to  that  described  by 
Hueck  in  his  article  on  the  mesenchyma.  This  is  not  strange  in  view 
of  the  embryonal  origin  of  these  cells. 

Sections  from  the  lung  after  5  weeks  were  impregnated  with  silver 
by  the  Bielschowsky-Maresch  method  with  the  view  of  obtaining  an 
idea  of  the  distribution  of  the  reticulum  fibers  among  the  epithelioid 
cells.  Fig.  1  shows  that  they  are  readily  demonstrable  in  cells  that 
contain  carbon  particles.  The  majority  of  the  epithelioid  cells  were 
found  to  be  free  from  reticulum  fibers,  but  there  are  many  places  in 
the  sections  where  the  fibers  can  be  found  running  in  and  among 
these  cells  and  forming  a  fairly  close  network  about  them.  Of  course, 
many  fibers  run  out  from  the  alveolar  walls  into  the  exudate,  but 
there  are  instances  in  which  no  connection  between  these  and  the 
smaller  fibrils  in  the  epithelioid  cells  is  demonstrable.  This  method 
of  impregnation,  then,  bears  out  what  has  already  been  noted  with  the 
connective  tissue  stains. 
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Hepatic  Lesions. 

In  the  hepatic  lesions  also,  distinction  should  be  made  between  small 
pscudotubercles,  apparently  due  to  the  presence  of  ink,  and  the  true 
tubercles  resulting  from  the  infection.  During  the  first  3  weeks  there 
are  slight  changes  in  the  sinusoidal  endothelium,  in  part  probably 
due  to  the  ink,  in  part  possibly  the  forerunner  of  true  tubercles;  but 
it  is  not  until  the  4th  week  that  fully  developed,  specific  lesions 
appear.  They  seem  to  begin  as  syncytia  and  to  be  situated  in  sinus- 
oids lying  in  the  mid-zone,  between  the  hepatic  and  portal  systems, 
usua41y  nearer  the  former.  The  cells  forming  them  are  so  heavily 
laden  with  ink  globules  that  it  is  difficult  to  make  out  their  histology 
(Fig.  2).  The  ink  is  usually  arranged  peripherally  in  the  sjiicytia 
and  single  cells,  forming  a  dense  black  rim  that  occupies  much  the 
same  portion  of  the  cytoplasm  in  the  former,  as  that  in  which  the 
nuclei  are  generally  grouped,  while  in  the  latter  it  forms  a  ring  about 
the  single  nucleus.  In  no  organ  is  it  so  plentiful  in  the  cells  as  in  the 
liver.  There  is  no  indication  that  the  syncytia  are  formed  by  mitotic 
nuclear  division,  without  cytoplasmic  division,  as  claimed  by  Soper; 
it  seems  more  likely  that  they  are  the  result  of  a  fusion  of  several 
single  cells.  This  is  the  rule  in  the  subcutaneous  lesions,  and  there 
is  no  apparent  reason  why  there  should  be  an  exception  in  the  liver 
endothelium.  After  5  weeks  the  tubercle  reticulum  is  demonstrable 
in  the  sections  stained  by  appropriate  methods.  The  fibers  are  best 
seen  if  green  or  greenish  brown  filters  are  interposed  between  the 
condenser  and  slide,  when  they  stand  out  sharply.  Here,  as  in  the 
lung,  they  can  be  definitely  demonstrated  in  the  epithelioid  cells, 
as  well  as  in  the  few  connective  tissue  cells  present. 

Splenic  Lesions. 

In  the  preparations  representing  the  first  few  weeks  development 
nothing  definite  can  be  distinguished.  The  pulp  and  its  phagocytes 
are  intensely  blackened  with  ink,  and  the  splenic  reticular  cells  are 
deeply  stained  with  the  blue  dye,  taking  up  the  ink  to  a  much  less 
degree.  In  the  4  week  preparations  the  tubercles  are  mature  and 
situated  at  the  periphery  or  near  the  center  of  the  Malpighian  cor- 
puscles.    Their  epithelioid  cells  contain  a  varying  amount  of  ink 
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but  far  less  than  heretofore  encountered  in  experimental  tubercles 
of  this  type.  Only  a  few  of  them  contain  Niagara  blue  granules. 
Small  tubercles  forming  in  the  secondary  nodules  of  Flemming 
show  much  ink  in  their  cells.  The  tubercle  reticulum  is  beginning 
to  form. 

After  5  weeks,  caseation  is  found  and  the  caseous  material  is  stained 
a  diffuse  blue.  There  is  the  same  scanty  deposit  of  ink  in  the  tubercles- 
(Fig.  3)  of  the  Malpighian  corpuscles  but  a  moderate  amount  in  the 
secondary  nodules.  Although  the  splenic  reticular  cells  are  deep  blue, 
only  a  few  of  the  epithelioid  cells  show  this  stain.  After  7  weeks,  how- 
ever, the  tubercles  are  deeply  stained  with  ink.  Besides  the  tubercles, 
one  finds  groups  of  ink-bearing  cells  in  the  lymphoid  nodules;  they 
show  no  tubercle  reticulum,  while  the  true  tubercles  exhibit  a  fully 
formed  network  of  fibrils.  In  this  way  the  two  are  readily  distinguish- 
able. The  splenic  sinuses  are  widely  dilated  and  almost  free  from 
ink-bearing  cells;  it  seems  as  if  these  had  migrated  to  the  lymphoid 
tissue  and,  possibly,  into  the  tubercles  as  well.  The  reticular  cells 
of  the  splenic  tissue  are  still  deeply  stained  with  Niagara  blue. 

Thus,  although  the  splenic  sinuses  and  their  free  cells  are  so  heavily 
laden  with  ink  whenever  it  is  administered  intravenously,  relatively 
little  of  the  ink  seems  to  be  found  in  the  cells  forming  the  tubercles 
located  in  the  lymphoid  tissue  of  the  Malpighian  corpuscles,  while 
a  moderate  amount  is  present  in  the  smaller,  or  secondary  nodules. 
This  is  not  readily  explained ;  the  subject  will  be  discussed  further  in 
the  consideration  of  the  lesions  in  the  lymph  nodes,  where  a  somewhat 
similar  condition  exists. 

Renal  Lesions. 

Definite  tubercles  are  first  found  in  the  sections  from  the  4  week 
rabbit  although  there  are  indefinite  changes  in  the  glomerular  tufts 
and  the  walls  of  the  vasa  recta  before  this  time.  The  tubercles 
vary  from  75  to  750  microns  in  size  and  appear  to  be  of  two  types, 
a  moderately  diffuse  infiltration  of  the  interstitial  tissue  between 
the  cortical  tubules,  and  more  localized  collections  of  epithelioid  cells, 
with  an  underlying  glomerular  topography — one  can  make  out  the 
remains  of  Bowman's  capsule  with  swollen  cells  surrounded  by  the 
tuberculous  lesion.     In  the  first  type,  there  are  many  small  endothelial 
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leucocytes,  similar  to  those  seen  in  the  subcutaneous  lesions  described 
in  the  first  and  second  papers  of  this  series  (Foot,  1919,  1920,  a). 
These  are  compact  cells,  with  a  bean-shaped  nucleus  and  rather  dense 
cytoplasm,  about  half  the  size  of  fully  developed  epithelioid  cells, 
many  of  which  are  found  in  these  tubercles.  These  cells  often  contain 
ink  globules,  as  do  their  syncytial  derivatives.  The  tubular  epithelium , 
on  the  other  hand,  takes  up  no  ink,  although  that  of  the  proximal 
convoluted  tubules  is  vitally  stained  with  Niagara  blue.  It  is  signifi- 
cant that  the  tubercles  show  ink  and  that  their  cells  take  on  no  blue 
stain,  except  in  scattered  places  where  degeneration  is  obvious.  One 
can  find  mitotic  figures  in  the  epithelium  of  the  surrounded  tubules, 
but  this  is  probably  an  attempt  at  regeneration,  as  they  are  found  only 
in  cells  that  are  still  in  silu  in  the  tubules.  In  some  of  these  diffuse 
tubercles  it  is  possible  to  see  the  tubular  epithelium  degenerating  and 
disintegrating,  with  endotheUal  cells,  containing  ink,  pressing  in  upon 
its  thinned  out  portions  and  apparently  producing  pressure  atrophy. 

After  5  weeks  the  tubercles  are  more  numerous,  larger,  and  show 
beginning  central  necrosis,  with  the  usual  diffuse  blue  stain  in  the 
caseous  areas.  The  two  types  of  tubercles,  glomerular  and  inter- 
stitial, can  stiU  be  distinguished.  \Miereas  the  tubercles  were  for- 
merly all  cortical,  there  are  now  a  few  of  the  interstitial  type  among 
the  collecting  tubules  and  Henle's  loops  in  the  medulla.  Thej'  do 
not  differ  from  the  cortical  interstitial  tj'pe  and  their  cells  show  ink 
(Fig.  4),  but  no  Niagara  blue.  After  7  weeks  the  picture  is  not  notice- 
ably altered,  but  is  merely  more  pronoimced.  The  tubercle  reticulum 
is  demonstrable  after  the  4th  week  and  is  best  seen  in  the  7  week 
lesions,  differing  in  no  way  from  that  of  the  lesions  in  other  organs. 

That  many  of  the  tubercles  originate  in  the  glomeruli  is  indicated 
by  the  following  facts.  (1)  Remains  of  glomerular  structure  are 
present  in  some  of  them.  (2)  The  early  tubercles  are  often  rounded 
and  of  the  same  diameter  as  the  average  glomerulus.  (3)  The 
tubercles  occur  chiefly  in  the  cortex.  (4)  The  glomerulus  is  the  chief 
renal  structure  showing  ink  in  its  cells ;  moreover,  there  is  none  in  the 
tubules.  Nevertheless,  there  are  other  lesions  showing  no  e\idence 
of  glomerular  architecture  which  occur  near  the  vasa  recta  and  may 
be  found  well  down  in  the  pyramids  where  no  glomeruli  are  located. 
Ink  is  found  in  the  endothelium  of  the  vasa  recta  in  controls.     It 
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seems  probable,  then,  that  the  tubercles  originate  from  two  sources, 
the  endothelium  of  the  glomerular  capillaries  and  that  of  the  capillary 
branches  of  the  vasa  recta,  the  fonner  remaining  near  their  site  of 
origin,  the  latter  migrating  into  the  interstitial  connective  tissue 
between  the  tubules.  There  is  no  evidence  that  the  epithelium  takes 
an  active,  fonnative  part  in  the  process,  although  a  few  epithelial 
cells  may  be  included  in  the  tubercles  and  survive  there  for  a  time. 
Such  cells,  which  have  their  origin  in  the  vitally  stained  convoluted 
tubules,  may  contain  granules  of  Niagara  blue,  and  their  nuclei 
often  stain  a  bright  blue,  which  is  pathognomonic  of  degeneration 
and  indicates  early  karyolysis.  The  ink  globules  prove  to  be  an 
invaluable  indicator  of  the  origin  of  the  component  cells  of  the  tuber- 
cles in  the  kidney  as  elsewhere. 

Omental  Lesions. 

The  omentum,  bathed  as  it  is  in  a  copious  supply  of  Niagara  blue 
from  the  intraperitoneal  injections,  shows  deeply  stained  mesothelial 
cells  on  the  surface,  some  staining  of  the  reticulum  of  the  t aches 
laiteuses,  and  a  double  staining  of  the  wandering  macrophages  in  its 
meshes.  These  macrophages  contain  some  ink  as  well  as  the  blue 
granules  of  the  benzidine  dye.  The  vascular  endothelium  of  the 
complex  capillary  network,  however,  is  dotted  with  black  spots  alone. 
The  tubercles  appear  early,  the  first  being  found  in  the  17  day  speci- 
mens, beginning  as  single  syncytia  and  gradually  enlarging  as  time 
goes  on,  until  miliary  tubercles  are  formed.  The  simplest  of  these 
lie  within  and  not  on  the  omentum,  between  the  peritoneal  layers; 
their  syncytia  contain  ink  alone.  After  4  weeks  they  are,  of  course, 
more  abundant,  and  the  ink  still  predominates,  although  a  few  blue 
granules  are  demonstrable  in  some  of  the  single  cells  near  the  periphery 
which  are  doubtless  wandering  macrophages.  The  taches  laiteuses 
are  free  from  ink  and  from  tubercles.  After  5  weeks  tubercles  can  be 
found  penetrating  the  peritoneal  covering,  which  is  broken  through 
and  shows  dissociated  and  swollen  cells.  The  general  impression 
obtained  is  similar  to  that  gained  from  a  study  of  an  ulcer  of  the 
intestine;  the  mesothelial  cells  are  apt  to  be  thickened  and  piled  up 
at  the  edges  of  the  lesion,  which  is  composed  of  larger,  paler  cells 
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containing  ink  and  forming  a  mass  that  extends  well  into  the  con- 
nective tissue  of  the  omentum.  The  mcsothclial  cells  are  blue- 
stained  and  readily  distinguishable  from  the  cpitheUoid  cells  as  long 
as  they  remain  well  preserved;  once  they  begin  to  degenerate  they 
are  more  difficult  to  distinguish,  as  they  lose  the  blue  granules.  It 
seems  probable,  from  what  has  just  been  described,  that  the  tubercles 
here  are  formed  primarily  from  the  endothelium  of  the  omental 
capillaries,  near  which  they  are  first  found.  The  macrophages  prob- 
ably join  in  the  process  as  it  progresses,  while  the  mesothelial  tissue 
appears  to  be,  at  the  most,  sjTnpathetically  involved. 

Lesions  in  Lymph  Nodes. 

Enlarged  lymph  nodes  were  regularly  found  in  the  axillae  and  groins 
of  the  rabbits,  as  well  as  the  peribronchial  groups,  and  were  always 
excised  and  examined.  During  the  first  3  weeks  the  medulla  is  \-erj' 
edematous  and  its  sinuses  are  filled  with  large  cells  of  the  macrophage 
type  which  are  deeply  stained  with  Niagara  blue  and  contain  phago- 
cytosed  cellular  debris.  They  increase  in  number  and  size  and,  in 
the  17  day  specimens,  fuse  to  form  free  lying  syncytia.  They  do 
not  form  tubercles,  and  carbolfuchsin  shows  them  to  be  filled  with 
short,  plump,  reddish  rods,  totally  unlike  tubercle  bacilli  and  possi- 
bly representing  mitochondria.  The  honphoid  reticulum  is  stained 
deeply  with  Niagara  blue,  and  there  is  no  ink  present,  except  in 
or  near  vessels  of  the  cortical  nodules. 

Tubercles  are  first  found  in  the  4  week  specimens.  They  are  com- 
posed of  large,  pale,  anastomosing  cells  with  an  evenly  distributed 
amount  of  carbon  granules,  which  are  ver\'  fine,  but  still  perfectly 
e%'ident  (Fig.  5 — after  5  weeks).  Small  dilated  capillaries  are  usually 
demonstrable  in  their  immediate  %'icinity,  five  with  ink  in  the  endothe- 
lium and  blood  corpuscles  in  the  lumina  being  found  at  the  periphery 
of  one  such  tubercle.  The  tubercle  reticulum  is  suggested  in  the  4 
week  specimens,  and  is  well  formed  and  easily  demonstrable  in  the  5 
and  7  week  preparations.  Although  the  lymphoid  reticidum  is  every- 
where deeply  stained  with  Niagara  blue,  little  or  none  is  found  in  the 
tubercles.  In  the  7  week  preparations  the  medulla  is  nearly  free  from 
the  large,  free  cells,  and  the  tubercles  show  much  more  ink  than  those 
of  the  earlier  stages. 
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Thus  less  carbon  is  deposited  in  the  tubercles  formed  in  the  lym- 
phoid tissue  of  the  spleen  and  Ijonph  nodes  than  in  those  of  the  other 
organs,  with  the  exception  of  the  kidney.  This  is  probably  due  to 
the  fact  that  these  tissues  have  little  affinity  for  carbon  and,  in  the 
case  of  the  lymphoid  tissue,  are  poorly  supplied  with  blood  capillaries. 
Where  the  latter  abound,  plenty  of  ink  is  found,  as  in  the  lungs,  liver, 
and  splenic  pulp.  It  is  interesting  that,  in  both  spleen  and  lymph 
nodes,  the  large,  free  lying  phagocytes  of  the  pulp  or  medulla  appear 
to  migrate  into  the  lymphoid  tissue,  for  as  soon  as  the  administration 
of  the  dyes  ceases,  they  leave  the  sinuses,  while  the  lymphoid  tissue 
becomes  full  of  carbon-bearing  cells.  That  the  blue  granules  are  not 
seen  in  the  Ijnnph  nodules  in  this  case  is  possibly  due  to  the  fact  that 
they  are  more  diffusible  and  can  be  excreted  by  the  cells  that  contain 
them  and  then  be  eliminated  through  the  blood  and  urine,  the  latter 
always  being  of  a  bluish  green  color.  The  carbon  seems  to  be  more 
dif&cult  to  remove  and  is  probably  retained  until  the  disintegration 
of  the  cells  containing  it  sets  it  free  for  other  phagocytes  to  take  up. 

DISCUSSION  AND   SUMMARY. 

A  review  of  the  findings  in  this  series  of  experimental  inoculations 
brings  out  clearly  two  points:  (1)  the  specific  lesion  of  the  miliary 
type  is  composed  chiefly  of  cells  of  endothelial  origin,  apparently 
coming,  for  the  most  part,  from  the  walls  of  the  small  capillaries  near 
it;  and  (2)  these  cells  are  capable  of  forming  the  reticulum  of  the 
tubercles  and  hence  collagen.  In  Hueck's  paper,  which  has  already 
been  referred  to,  the  origin  and  development  of  the  vascular  systems 
are  discussed  as  a  subdivision  of  the  mesenchyma.  Hueck  states  that 
he  considers  mesenchymal  cells  of  the  endothelial  type  capable  of  form- 
ing collagen  fibrils,  even  in  adult  life,  but  indicates  that  he  would  limit 
this  attribute  more  or  less  strictly  to  the  endothelium  of  the  capil- 
laries. He  points  out  that  no  "silver  lines"  can  be  demonstrated  in 
the  capillary  endothelium,  while  they  are  readily  shown  in  the  endo- 
thelium of  the  larger,  more  specialized  vessels;  the  capillary  endo- 
thelium is  more  syncytial,  less  dift'erentiated,  and  hence  capable  of 
assuming  rather  varied  forms.  Hueck's  conclusions  are  in  agreement 
with  the  findings  of  the  present  paper  which  emphasizes  a  point  that 
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has  been  stressed  in  each  of  the  reports  of  the  series;  namely,  the 
importance  of  the  capillary  endothelium  as  distinguished  from  the 
endothelium  in  general. 

Rossle  and  Yoshida  several  years  ago  claimed  that  endothelial 
cells  could'  produce  collagen  fibrils  by  a  process  of  metaplasia.  It 
seems  unnecessarj-^,  in  the  light  of  what  has  just  been  said,  to  apply 
the  term  metaplasia  to  this  phenomenon.  These  cells  evidently 
represent  a  cytological  element  in  the  body  that  is  intended  for  the 
process  of  repair  and  is  unusually  plastic,  being  able  to  assume  varied 
functions.  It  is,  as  it  were,  a  persisting  mesenchyma;  if  this  was 
not  so  and  there  were  no  polyblastic  cells  present,  the  process  would 
be  slower  and  less  effective.  Hueck's  ideas  on  the  impregnation  of 
"indifferent  fibrilla;"  with  collagen,  elacin,  or  other  substances  are 
also  in  accord  with  the  staining  phenomena  observed  in  the  formation 
of  the  tubercle  reticulum.  There  is  at  first  a  fibrillar  or  retiform 
structure  to  the  cytoplasm  of  the  epithelioid  cells,  without  a  definite 
collagen  staining  reaction.  The  fibrils  can  be  seen  but  their  color  at 
first  does  not  differ  materially  from  that  of  the  cytoplasm.  Gradually, 
however,  they  take  on  a  faint  pink  stain  with  acid  fuchsin  or  phospho- 
tungstic  acid-hematoxylin,  or  a  faint  turquoise-blue  with  aniline 
blue.  These  colors  increase  steadily  in  intensity  as  the  fibrils  become 
thicker  and  more  evident.  The  changes  from  black  to  brown  in  the 
Bielschowsky-Maresch  technique  are  analogous. 

That  Niagara  blue  does  not  appear  in  the  epithelioid  cells  to  any 
extent  must  mean  one  of  two  things,  either  the  cells  do  not  take  it  up, 
or  they  lose  it  as  soon  as  they  differentiate  from  the  more  compact 
to  the  larger,  paler  tj'pe.  It  is  certain  that  they  take  up  and  retain 
the  ink  through  all  their  phases;  it  seems  doubtful  that  they  have 
lost  many  blue  granules,  as  one  can  seldom  demonstrate  such  a  process. 
If  such  a  reaction  did  occur  the  earliest  specimens  should  show  groups 
of  cells  containing  blue  granules,  while  the  later  stages  would  show 
progressive  loss  of  this  color.  This  does  not  seem  to  be  the  case, 
except  in  a  few  instances,  when  cells  with  blue  granules  are  occasion- 
ally included  in  tubercles.  They  are  then  most  often  found  near  the 
caseous  centers. 

There  may  be  some  question  as  to  the  part  played  by  the  lymphoid 
reticular    cells    in    tubercle  formation  in  the  lymphoid  tissue.     If 
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they  do  form  the  epithelioid  cells,  they  must  lose  their  charge  of  blue 
dye  in  so  doing  and  acquire  a  heavier  load  of  carbon  granules.  It 
would  seem  easier  to  infer  that  the  epithelioid  cells  are  derived  from 
the  endothelium  of  the  scattered  vascular  capillaries.  This  would 
explain  the  absence  of  blue  granules  as  well  as  the  smaller  amount  of 
carbon  present  in  comparison  with  that  found  in  the  epithelioid  cells 
fonned  in  organs  more  richly  supplied  with  blood  capillaries. 

CONCLUSIONS. 

1.  Miliary  tubercles  produced  in  the  lung,  liver,  spleen,  kidney, 
lymph  nodes,  and  omentum  of  the  rabbit  by  hematogenous  tuber- 
culous infection  are  composed  chiefly  of  cells  originating  in  the  capil- 
lary vascular  endothelium. 

2.  These  cells  have  a  marked  affinity  for  carbon  in  colloidal  sus- 
pension, which  makes  their  identification  possible. 

3.  A  benzidine  dye  like  Niagara  blue,  while  acting  selectively  on 
macrophages,  lymphoid  reticular  cells,  renal  convoluted  tubular 
epithelium,  and  free  polymorphonuclear  leucocytes,  is  not  found  in 
the  tubercles  to  any  appreciable  extent,  unless  there  is  necrosis, 
when  the  staining  is  diffuse. 

4.  The  tubercle  reticulum  is  composed  of  fibrils  resembhng  con- 
nective tissue  fibroglia  and  collagen  fibers  in  every  way  and  produced 
not  only  by  fibroblasts,  but  by  the  endothelial  cells  themselves,  after 
these  have  migrated  from  the  vessels,  differentiated  into  epithelioid 
cells,  and  formed  tubercles.  This  process  is  well  advanced  5  weeks 
after  inoculation, 
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EXPLANATION  OF  PLATE  12. 

Magnification,  X  about  350.  Fig.  1  is  from  a  paraffin  section  impregnated 
by  the  Bielschowsky-Maresch  method;  the  rest  are  from  phosphotungstic  acid- 
hematoxylin  preparations. 

Fig.  1.  Reticulum  fibrils  and  carbon  particles  in  the  epithelioid  cells  of  a 
5  week  tubercle  in  the  lung.  It  will  be  noted  that  the  fibrils  run  in  the  cytoplasm 
of  cells  liberaUy  dotted  with  carbon. 

Fig.  2.  a  5  week  tubercle  in  the  liver,  showing  the  distribution  of  carbon 
particles  and  the  pecuUar  ring-shaped  masses  referred  to  in  the  text. 

Fig.  3.  A  5  week  tubercle  in  the  spleen  with  more  carbon  present  than  is  usual 
in  such  tubercles.    Rings  of  ink  particles  are  also  found. 

Fig.  4.  A  cortical,  5  week  tubercle  in  the  kidney.  The  carbon  is  rather 
sparsely  distributed,  but  it  can  be  made  out  clearly  in  many  of  the  epithelioid  cells. 

Fig.  5.  Tubercle  in  the  same  stage  of  development  in  a.lymph  node.  The 
carbon  is  very  finely  divided  and  still  more  sparsely  distributed,  but  several  cells 
have  a  moderately  heayj'  deposit,  and  careful  search  reveals  several  granules  in 
most  of  the  cells. 
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CONDITION  OF  THE  CAPILLARIES  IN  HISTAMINE  SHOCK. 
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The  recent  work  of  Dale,  Laidlaw,  and  Richards  has  brought  into  prominence 
the  idea  that  the  phenomena  observed  in  shock  may  have  their  origin  in  a  pri- 
mary peripheral  circulator>'  failure.  These  investigators  have  used  the  dis- 
covery that  histamine  (/3-Lminazolylethylamine)  injected  intravenously  in  minute 
quantities  brings  about  promptly,  in  certain  animals,  a  condition  which  is  strik- 
ingly similar  to  and  apparently  identical  with  the  clinical  condition  designated 
by  the  term  shock'.  The  blood  pressure  falls  to  a  very  low  level  and  remains 
there;  the  pulse  becomes  small  and  feeble;  the  respirations  are  shallow,  irregular, 
or  gasping;  the  superiicial  reflexes  are  active,  but  a  dulling  of  the  sensibility  per- 
mits the  discontinuance  of  the  anesthetic  without  discomfort  to  the  animal  which 
lies  quietly  in  an  apathetic  state.  Further  points  of  resemblance  between  his- 
tamine shock  and  clinical  shock  can  be  found  in  detail  in  the  papers  by  these 
workers. 

The  amino-acid  histidine  enters  into  the  composition  of  practically  every  body 
protein.  Since  histamine  is  derived  from  this  amino-acid  by  decarboxylization, 
there  arises  immediately  the  idea  that  histamine,  or  similar  substances,  may  be 
formed  in  the  body  under  certain  conditions,  especially  following  extensive 
destruction  of  tissues  by  trauma  or  by  widespread  inflammatory  processes,  and 
that  the  entry  of  such  substances  into  the  blood  stream  may  be  the  fundamental 
cause  of  the  shock  which  accompanies  these  conditions.  At  present,  however, 
in  spite  of  certain  suggestive  experimental  evidence  such  ideas  are  entirely  specu- 
lative, and  the  present  work  is  not  concerned  with  the  question  whether  histamine 
and  allied  substances  cause  clinical  shock.  We  are  interested  here  rather  in  a 
study  of  the  mode  of  action  of  histamine  which  confers  upon  it  its  shock-producing 
potentiahties. 

The  action  of  histamine  has  been  studied  by  Dale  and  his  coworkers''^  who 
concluded  that  the  base  exerts  upon  all  capillary  endothelium  a  poisonous  local 
effect  which  results  in  a  dilatation  of  the  lumen  of  the  capillary  and  an  increased 
permeability  of  the  endothehal  wall.     The  first  of  these  effects  is  assumed  to 

'Dale,  H.  H..  and  Richards,  A.  N.,  /.  Physiol.,  1918-19,  Hi,  110. 
2  Dale,  H.  H.,  and  Laidlaw,  P.  P.,  J.  Physiol.,  1918-19,  lii,  355. 
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bring  about  an  accumulation  of  blood  within  the  capillary  system  and  a  conse- 
quent inadequate  venous  return  to  the  heart  (".  .  .  the  shock-like  failure 
of  the  circulation  is  due  to  accumulation  of  the  blood  in  relaxed  capillaries  .  .  . 
the  flow  through  the  capillaries  becomes  ever  slower  and  the  tendency  to  stagna- 
tion greater,  till  ultimately  only  a  relatively  smaU  part  of  the  available  blood  is 
effectively  circulating."^  The  increased  permeability  of  the  capillary  walls  is 
assumed  to  favor  the  escape  of  plasma  from  the  vesseb  and  so  to  impose  an  actual 
oligemia  upon  the  already  enfeebled  circulation.  While  Dale  and  Laidlaw^  are 
"convinced  that  general  dilatation  of  the  capillaries  and  loss  of  plasma  from  the 
blood  are  main  factors  in  the  production  of  the  shock,"  they  were  unable  to 
observe  directly  the  reactions  of  capillaries  subjected  to  the  influence  of  histamine, 
but  deduced  their  conclusions  from  other  considerations,  stating:  "Several 
attempts  were  made  to  observe  changes  in  the  calibre  of  capillaries  under  a  mode- 
rate power  of  the  microscope,  without  any  result  to  which  we  could  attribute 
importance."  Dale  and  Richards'  had  written  previously:  "We  made  several 
attempts  to  measure  changes  in  the  calibre  of  blood  vessels — arterioles  and  capil- 
laries— in  the  mesentery  by  direct  observation  with  the  microscope,  histamine 
solution  being  directly  appUed  to  the  area  under  observation.  The  results  were 
not  sufficiently  convincing  to  ourselves  to  make  it  desirable  to  record  them. 
Later  experience  of  the  ease  with  which  this  vasodilator  action  is  impaired,  by 
temporary  interference  with  the  circulation  through  an  organ  or  e.xposure  to 
cold,  made  it  clear  that  satisfactory  observations  of  this  kind  would  need  a  spec- 
ially elaborated  technique." 

Since  this  important  theory  of  shock  has  as  its  basis  the  assumption 
of  accumulation  of  the  blood  within  a  capillary  system  dilated  by  the 
action  of  an  endothehal  poison,  the  present  work  was  begun,  at  the 
suggestion  of  Dr.  W.  G.  MacCalhim,  in  an  attempt  to  study  directly 
the  effect  of  histamine  upon  the  capillar}'  system  in  order  to  deter- 
mine (1)  whether  histamine  is  actually  an  endothehal  poison  acting 
locally  upon  capillaries  to  produce  a  dilatation  of  their  lumina,  (2) 
whether  the  capillary  bed  during  histamine  shock  undergoes  a  general 
dilatation  of  a  degree  sufficient  to  endanger  the  circulation,  and  (3) 
whether  such  a  dilatation  precedes  or  follows  the  circulatory  failure 
occurring  in  shock. 

EXPERIMENTAL. 

The  omentum  was  chosen  as  the  site  most  suitable  for  observation 
because  its  transparency  favors  microscopic  study  in  fresh  and  fixed 
preparations  and  especially  because  the  local  action  of  histamine  was 
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to  be  studied.  Since  the  capillaries  of  the  omentum  are  for  the  most 
part  practically  surface  capillaries,  they  can  easily  be  brought  into 
contact  with  locally  applied  histamine  solutions. 

Effect  of  Histamine  Studied  Microscopically  in  Vivo. 

An  attempt  was  first  made  to  study  microscopically,  in  vivo,  the 
effect  of  histamine  upon  the  capillary  circulation  of  the  omentum.' 
Any  satisfactory  technique  for  such  a  study  must  safeguard  the  capil- 
lary bed  under  observation  from  at  least  four  sources  of  error — trauma, 
mechanical  interference  with  the  circulation,  temperature  changes, 
and  evaporation  of  moisture.  In  order  to  protect  the  field  from 
abnormal  temperature  changes  a  box  large  enough  to  accommodate 
an  anesthetized  cat  was  constructed  of  wood,  lined  with  asbestos, 
and  equipped  with  a  thermostat.  The  chamber  was  fitted  with  a 
glass  window,  a  movable  opening  for  the  barrel  of  a  microscope,  and 
felt  arm  sleeves  through  which  work  could  be  carried  on  within 
the  box  while  it  was  entirely  closed  to  maintain  a  constant  tempera- 
ture. A  microscope,  from  which  the  base  and  substage  had  been 
removed,  was  attached  to  a  horizontal  bar  clamped  to  an  upright  rod 
so  that  it  could  be  raised  or  lowered,  advanced  or  retracted  to  the 
desired  position.  The  stage  was  covered  with  a  thick  glass  plate, 
and  a  minute  electric  globe  taken  from  a  small  pocket  flash-Hght  was 
fitted  beneath  the  stage  and  served  for  illumination;  the  amount  of 
heat  given  off  by  this  tiny  lamp  was  too  slight  to  be  measured  by  an 
ordinary  thermometer  placed  on  the  glass  plate  above  it. 

Dale  and  his  coworkers  found  cats  especially  susceptible  to  the 
action  of  histamine.  This  was  the  animal  used,  therefore,  in  all  the 
present  experiments.  A  cat  was  anesthetized  with  ether,  trache- 
otomized,  and  connection  established  with  an  ether  respiration  bottle 
by  means  of  a  tracheal  cannula.  The  animal  was  then  placed  within 
the  box  in  which  the  atmospheric  temperature  was  maintained  at 
about  37°C.  The  abdomen  was  opened  along  a  midline  incision,  the 
edges  of  which  were  held  apart  by  small  Balfour  retractors.  The 
intestines  were  covered  with  pads  soaked  in  nonnal  saline  solution; 
the  glass  stage  was  warmed  to  37°  C.  by  immersion  in  normal  saline 

'  All  operations  were  performed  under  ether  anesthesia. 
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solution  kept  at  that  temperature.  The  microscope  was  now 
advanced  and  lowered  so  that  the  stage  occupied  a  position  within 
the  abdominal  opening  on  a  level  with  the  intestines.  The  omentum 
was  then  gently  lifted  onto  the  stage  of  the  microscope,  care  being 
taken  to  avoid  unnecessary  stretching,  twisting,  pulling,  or  any  man- 
ipulation which  might  traumatize  the  omentum  or  disturb  its  circula- 
tion even  momentarily.  The  stage  of  the  microscope  was  made  to 
occupy  such  a  position  that  the  omentum  could  be  lifted  upon  it  with 
a  minimal  displacement  from  the  normal  situation.  During  the  period 
of  observation  the  omentum  was  continually  kept  moist  by  means  of 
capillary  pipettes  from  which  normal  saline  solution  flowed,  warmed 
to  body  temperature.  Thus  the  omentum  lay  upon  the  glass  stage  of 
the  microscope  scarcely  disturbed  from  its  normal  position,  was  pro- 
tected against  the  effects  of  drying,  and  its  normal  temperature  was 
maintained.  Throughout  all  the  observations  the  omentum  was 
handled  as  little  as  possible  and  always  with  extreme  care. 

With  the  low  power  objective  the  blood  can  be  watched  coursing 
through  the  capillaries  and  the  smaller  arterioles  and  venules  of  the 
omentum.  Capillaries  may  easily  be  seen  which  have  diameters  so 
small  that  they  permit  the  passage  of  only  one  red  corpuscle  at  a  time. 
The  omentum  may  be  shifted  gently  upon  the  stage  until  a  capillary 
bed  which  is  suitable  for  study  comes  into  the  field.  A  field  which 
contained  a  small  arteriole  and  venule,  as  well  as  a  rich  anastomosis 
of  capillaries  of  different  diameters,  was  usually  chosen.  Any  indi- 
vidual vessel  selected  for  observation  was  measured  at  intervals  with 
an  eyepiece  micrometer  in  order  that  any  variations  in  diameter 
might  be  detected.  WTiile  the  omentum  lay  undisturbed  upon  the 
stage  of  the  microscope,  capillaries  were  observed  as  long  as  30  min- 
utes, during  which  time  there  occurred  no  measurable  changes  in 
their  diameters. 

Local  Applicaiion  of  Histamine. — After  a  field  had  been  chosen  for 
observation,  the  vessels  were  watched  for  several  minutes  in  order  to 
acquire  an  impression  of  the  rate  of  flow  through  them,  and  the 
diameters  of  several  selected  capillaries  were  measured.  Then,  while 
the  observer  kept  a  careful  watch  over  these  measured  capillaries 
and  the  blood  stream  flowing  through  them,  an  assistant,  using  a 
capillary  pipette,  flooded  the  field  with  a  solution  composed  of  his- 
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tamine^  dissolved  in  nonnal  saline  solution  wanned  to  body  tem- 
perature. Solutions  of  histamine  ranging  in  strength  from  1 :  500,000 
to  1 :  500  were  in  this  manner  applied  locally  to  the  capillaries  of  the 
omentum  in  a  large  number  of  experiments.  Careful  inspection  and 
measurement  disclosed  no  change  whatever  in  the  diameters  of  the 
capillaries  or  in  the  rate  of  flow  through  them,  nor  were  any  cap- 
illaries opened  up  which  were  not  visible  before  the  application  of 
histamine.  Under  the  conditions  of  these  experiments  histamine 
locally  appUed  produced  no  detectable  change  in  the  appearance  of 
the  capillary  circulation. 

Histamine  Shock. — In  another  series  of  experiments,  while  a  field  of 
capillaries  was  kept  under  observation,  the  animal  was  thrown  into 
shock  by  an  intravenous  injection  of  4  mg.  of  histamine,  blood  pres- 
sure tracings  being  taken  from  the  carotid  artery.  As  the  blood 
pressure  feU  the  rate  of  flow  through  the  capillaries  became  slower, 
until  the  stream  was  moving  in  a  strikingly  sluggish  manner;  but 
again,  as  with  local  applications  of  histamine,  no  widening  of  the 
capillaries  could  be  detected. 

These  experiments  demonstrated  that  a  pronounced  slowing  of 
the  capillary  stream  accompanies  the  fall  in  blood  pressure  which 
histamine  produces  when  injected  intravenously.  Two  possibil- 
ities were  suggested  in  explanation  of  the  fact  that  the  local  appH- 
cation  of  histamine  did  not  affect  the  size  of  the  capillaries  in  these 
experiments.  Either  histamine  exerts  no  effect  upon  the  diameters 
of  capillaries,  or  else  the  handling  of  the  omentum  necessary  to  bring 
it  under  the  microscope,  in  spite  of  the  care  with  which  this  was  done, 
inflicted  sufficient  trauma  to  bring  about  either  a  capillary  paralysis 
and  dilatation  or  a  loss  of  capillary  irritability,  with  the  result  that 
the  vessels  could  not  be  dilated  further  by  the  action  of  histamine  or 
any  other  agent.     Experiments  were,  therefore,  carried  out  in  which 

''  The  histamine  preparation  used  was  the  dihydrochloride  of  the  base  supplied 
by  the  Hoffmann  La  Roche  Chemical  Works  of  New  York.  The  activity  of  the 
stock  supply  was  tested  from  time  to  time  upon  the  virgin  uterus  of  the  guinea 
pig  and  was  found  to  produce  the  characteristic  contractions  at  each  test.  The 
potency  of  this  preparation  was  also  exhibited  in  the  numerous  animal  experi- 
ments performed  during  this  study,  in  which  it  was  used  to  induce  shock.  Fresh 
solutions  were  always  prepared  before  every  experiment. 
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irritants  and  alleged  capillary  dilators  were  applied  locally  to  omenta 
under  microscopic  observation. 

Local  Application  of  Inflammatory  Agents.— Among  the  substances 
used  were  cantharides,  turpentine,  croton  oil,  gold  and  sodium  chlo- 
ride, amyl  nitrite,  and  chloroform.  It  is  well  known  that  irritants 
locally  applied  to  the  web  of  the  frog's  foot  bring  about  a  marked 
dilatation  of  the  capillaries,'  and  that  in  mammals  the  intraperitoneal 
injection  of  these  substances  produces  a  dilatation  of  the  peritoneal 
capillaries  during  the  resulting  inflammatory'  reaction.  It  was 
assumed,  therefore,  that,  if  the  nonnal  reactivity  of  the  capillaries 
under  obser\'ation  in  these  experiments  was  undisturbed,  the  local 
application  of  such  substances  would  be  followed  by  definite  changes 
in  the  capillary  diameters.  Some  of  the  irritants  brought  about  a 
stasis  of  blood  in  the  capillary  area  to  which  they  were  applied — 
apparently  a  result  of  osmotic  disturbances.  In  no  instance  was 
there  seen  any  definite  dilatation  of  the  capillaries  which,  in  some 
experiments,  were  observed  as  long  as  30  minutes  following  the  appli- 
cation. 

Effect  of  Histamine  Studied  in  Fixed  and  Stained  Preparations. 

Since  the  local  appKcation  of  such  inflammatory  agents  failed  to 
produce  a  detectable  capillary  dilatation,  it  seemed  that  the  condi- 
tions of  the  experiment  must  have  brought  about  some  alteration  of 
capillary  irritability,  and  an  attempt  was  made  to  determine  what 
effect  the  handling  of  the  omentum  in  these  observations  exerts  upon 
the  capillaries.  In  a  series  of  experiments  a  midline  incision  was 
made  in  the  abdomen  of  normal  cats  under  anesthesia,  and  the 
abdominal  cavity  was  immediately  flooded  with  a  fixative.  The  fix- 
ative used  in  all  experiments  was  a  modification  of  Zenker's  fluid, 
form.aldehyde  being  substituted  for  glacial  acetic  acid.  The  omen- 
tvun  was  then  quickly  cut  along  the  line  of  attachment  and  trans- 
ferred to  a  dish  of  the  fixative  where  it  was  left  for  24  hours.  It  was 
washed,  spread  over  large  glass  slides,  and  stained  with  hematoxjdin 

'  The  web  of  the  frog's  foot,  while  offering  ordinarily  a  standard  and  convenient 
field  for  capillary  observation,  was  unsuited  for  study  in  these  experiments, 
because  the  frog  is  extremely  resistant  to  the  shock-producing  effects  of  histamine. 
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and  Van  Gieson's  stain.  In  such  a  preparation  the  arterioles,  venules, 
and  capillaries  are  distinguished  in  minute  detail.  Since  the  omentum 
was,  in  this  manner,  fixed  before  being  subjected  to  any  manipulation 
or  e.xposure,  these  shdes  were  assumed  to  reveal  the  normal  appearance 
of  the  omental  capillaries.  In  another  series  of  experiments,  after  the 
abdomen  had  been  opened,  the  omentum  was  lifted  to  the  stage  of 
the  microscope  with  all  the  care  and  precautions  described  above. 
It  was  at  once  fixed  by  flooding  with  the  fixative,  and  was  then  treated 
in  the  same  manner  as  the  normal  control  specimens. 

Microscopic  comparison  of  the  capillaries  in  the  omenta  of  these 
two  series  at  once  revealed  striking  differences  in  appearance.  The 
capillaries  and  the  smaller  arterioles  and  venules  of  the  manipulated 
omenta  were  distinctly  dilated,  tortuous,  and  engorged  with  blood; 
furthermore,  there  was  an  actual  increase  in  the  number  of  visible 
capillaries  in  the  handled  omenta.  It  is  clear  from  a  study  of  these 
slides  that  many  of  the  fat  cells  within  the  fat  streaks  are  bounded 
by  capillaries,  that  at  any  given  time,  under  normal  conditions,  only 
a  relatively  small  number  of  these  capillaries  are  open  channels  for 
the  blood  stream,  many  lying  collapsed  and  closed,  and  that  handling 
the  omentum  opens  up  the  collapsed  capillaries  either  by  causing  a 
loss  of  tone  through  paralysis  or  by  stimulating  them  to  dilate. 

The  opening  up  of  occult  capillaries  is  seen  with  especial  distinct- 
ness along  the  arterioles  and  venules  which  run  through  the  connec- 
tive tissue  between  the  fat  streaks.  Climips  of  mononuclear  cells  lie 
along  the  course  of  many  of  these  vessels  and  form  cellular  sheaths 
about  them.  In  the  normal  omenta  these  cellular  areas  are  appar- 
ently avascular.  It  is  only  occasionally  that  a  delicate  capillary 
loop  can  be  seen  outlined  between  the  cells.  But  in  the  handled 
omenta  these  cell  clumps  are  invariably  traversed  by  rich,  engorged 
capillary  plexuses,  so  that  the  arteriole  and  venule  are  bordered  by  a 
network  of  capillaries  which  can  easily  be  traced  to  their  origins  from 
the  arteriole  and  venule.  This  appearance  is  so  striking  that  the 
handled  omenta  can  be  quickly  distinguished  from  the  normal  omenta 
by  an  inspection  of  these  areas. 

These  observations  are  entirely  in  accord  with  Krogh's^  demon- 
stration that  normall}^  at  any  given  time,  only  a  relatively  small 

«  Krogh,  A.,  J.  Physiol.,  1918-19,  lii,  457. 
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portion  of  the  entire  capillary  bed  is  an  open  channel  for  tht  blood 
stream,  many  capillaries  remaining  collapsed  and  microscopically 
invisible;  and  that  these  collapsed  capillaries  open  up  under  condi- 
tions which  excite  their  dilatation. 

It  was  e\ndcnt  from  a  study  of  these  slides  that  the  capillaries  were 
dilated  by  the  manipulation  necessary  for  the  placing  of  the  omen- 
tum upon  the  microscope  stage;  and  this  fact  made  it  clear  that  no 
trustworthy  conclusions  concerning  the  effect  of  histamine  upon  capil- 
laries could  be  drawn  from  such  microscopic  obser\^ations  in  vivo. 

Local  Application  of  Histamine. — Since  the  method  of  fixation 
of  the  omentum  had  yielded  such  distinctive  results,  it  was  utilized 
in  an  attempt  to  study  the  reaction  of  the  capillaries  under  the  influ- 
ence of  histamine.  Two  series  of  experiments  were  carried  out.  The 
animals  in  the  first  series  were  treated  as  follows:  After  20  minutes 
anesthesia  the  abdomen  was  opened  along  the  midline  and  10  cc.  of 
normal  saHne  solution  warmed  to  37°C.  were  immediately  poured 
over  the  omentum.  The  edges  of  the  incision  were  quickly  drawn 
together  and  held  closed.  The  omentum  was  not  handled  in  any 
way.  1§  minutes  after  the  saline  solution  had  been  appUed,  the 
edges  of  the  incision  were  retracted  and  the  omentum  was  fixed  by 
flooding  with  the  fixing  solution.  It  was  quickly  removed  and  per- 
manent stained  preparations  were  made  as  in  the  previous  experiments. 

Microscopic  study  of  these  omenta  showed  that  the  capillaries, 
arterioles,  and  venules  presented  an  appearance  in  no  way  distin- 
guishable from  those  of  the  previous  experiments  in  which  the  omenta 
were  immediately  fixed  upon  opening  the  abdomens.  It  was  appar- 
ent, then,  that  the  appUcation  of  saline  solution  had  not  affected  the 
capillaries  in  any  way,  and  the  blood  vessels  in  omenta  of  this  series 
were  considered  to  exhibit  the  normal  vascular  appearance  (Figs.  1 
and  2). 

In  the  second  series  of  experiments  the  technique  was  the  same  as 
in  the  first,  except  in  one  respect.  The  period  of  anesthetization  was 
the  same,  the  solutions,  the  temperatures,  and  the  length  of  time 
between  the  saline  applications  and  fixation  were  identical,  but  in 
these  experiments  histamine  was  dissolved  in  the  saline  solutions,  so 
that  the  histamine  proportion  in  various  experiments  ranged  from 
1:  1,000  to  1:  20,000.     The  omenta  from  these  two  series  of  experi- 
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ments  thus  afforded  for  study  capillaries  which  had  been  subjected 
to  local  applications  of  histamine,  and  controls  in  which,  under  the 
same  conditions,  normal  saline  solution  had  been  applied  locally 
instead  of  histamine.  Microscopic  study  of  these  preparations 
showed  that  the  capillaries  of  the  omenta  which  had  been  brought 
in  contact  with  histamine  were  very  markedly  dilated,  tortuous,  and 
engorged  with  blood  (Fig.  3)  in  comparison  with  the  capillaries  in 
the  normal  controls.  There  was  also  seen  a  distinct  increase  in  the 
number  of  visible  capillaries.  The  dilatation  was  not  confined  to  the 
capillaries  but  included  the  smallest  arterioles  and  venules  at  the 
periphery  of  the  capillary  bed.  The  local  application  of  histamine 
clearly  brings  about  a  marked  dilatation  of  both  the  visible  and 
occult  capillaries.  That  this  effect  is  local  was  demonstrated  by 
blood  pressure  tracings  taken  during  the  experiments.  The  pressure 
was  maintained,  with  the  usual  sHght  fluctuations,  at  a  constant 
normal  level,  indicating  that  during  the  period  of  contact  of  the 
capillaries  with  histamine  not  enough  of  the  base  had  been  absorbed 
to  exert  the  slightest  depressor  action  upon  the  circulation.  When 
strong  histamine  solutions  were  used  in  the  local  appHcations  a  fall 
of  blood  pressure  occurred,  indicating  sufficient  absorption  to  pro- 
duce the  characteristic  depressor  effect,  but  the  series  examined  for 
the  purely  local  effects  of  the  base  comprised  the  omenta  only  from 
animals  which  had  exhibited  no  blood  pressure  disturbance  during 
the  application. 

Histamine  Shock. — In  another  series  of  experiments  the  animals 
were  thrown  into  shock  by  intravenous  injections  of  histamine  dis- 
solved in  2  cc.  of  normal  saline  solution,  2  mg.  of  the  base  being  used 
per  kilo  of  body  weight.  When  the  blood  pressure  had  fallen  to  the 
shock  level  the  abdomen  was  opened  and  the  omentum  immediately 
fixed  as  described  above.  As  controls,  the  omenta  of  animals  which 
had  been  given  an  intravenous  injection  of  2  cc.  of  normal  saline 
solution  instead  of  histamine  were  fixed,  the  time  between  the  injec- 
tion and  the  fLxation  of  the  omentum  being  the  same  in  the  two 
series.  The  omenta  of  these  controls  exhibited  a  vascular  picture 
differing  in  no  way  from  that  of  the  normal  controls  previously 
described.  The  capillaries  and  smaller  arterioles  and  venules  of  the 
shocked  animals,  on  the  other  hand,  were  definitely  dilated  and 
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engorged  with  blood;  and  here  again  it  was  clear  that  many  occult 
capillaries  had  been  opened  up  (Figs.  4  and  5).  A  study  of  these 
slides  made  it  evident  that  a  widespread  peripheral  vascular  dilata- 
tion of  such  a  degree  could  easily  accommodate  an  amount  of  blood 
large  enough  seriously  to  impair  the  circulation. 

These  experiments  demonstrated  that  histamine  exerts  a  locad 
dilating  effect  upon  capillaries  and  that  during  histamine  shock  the 
blood  stream  moves  sluggishly  through  a  dilated,  engorged  capillary 
bed.  It  was  now  of  importance  to  determine  the  relation  of  the 
capillary  dilatation  to  the  fall  in  blood  pressure  which  occurs  during 
shock. 

Relalion  of  Capillary  Dilalation  to  Blood  Pressure  Fall  in  Shock. — 
Experiments  were  made  in  which  the  abdomens  were  opened  and  the 
omenta  fixed  at  various  intervals  following  the  injection  of  histamine. 
It  was  found  from  a  study  of  these  preparations  that  the  capillary 
dilatation  had  begun  in  the  omentum  taken  15  seconds  after  the 
injection,  before  the  blood  pressure  had  fallen  to  the  shock  level. 
The  progression  of  the  dilatation  to  a  maximum  could  be  followed 
by  a  study  of  the  omenta  taken  at  inter\-als  of  15  seconds.  No 
recovery  from  this  peripheral  vascular  dilatation  has  been  encoun- 
tered; omenta  fixed  as  late  as  an  hour  after  the  onset  of  shock  have 
shown  the  persistence  of  the  dilatation,  which  apparently  must  be 
looked  upon  as  a  paralytic  loss  of  capillary  tone.  The  dilatation  was 
uninfluenced  by  the  brief  secondary  rise  in  blood  pressure  which 
characteristically  follows  the  injection  of  histamine,  and  which 
Dale  and  Laidlaw  have  attributed  to  a  constriction  of  the  pulmonary 
arteries.  Omenta  fixed  at  the  sunmiit  of  this  rise  exhibit  the  vas- 
cular dilatation.  This  fact  makes  it  clear  that  the  capillary  dilata- 
tion and  engorgement  occurring  during  shock  are  not  a  mere  result  of 
low  blood  pressure;  the  fall  of  blood  pressure  is  more  properly  to  be 
attributed  to  the  peripheral  vascular  relaxation. 

There  has  been  ample  opportunity  during  this  study  to  confirm 
the  observations  of  Dale  and  Laidlaw-  regarding  the  excellent  func- 
tional condition  of  the  heart  in  histamine  shock.  The  fall  in  blood 
pressure  cannot  be  attributed  to  cardiac  failure.  It  has  frequently 
been  observed,  in  the  present  experiments,  that  during  unrecoverable 
shock   the  heart  efficiently  discharges  relatively  large  amounts  of 


ARNOLD   RICE   RICH  297 

saline  solution  injected  into  the  jugular  vein.  In  a  number  of 
instances  repeated  intravenous  injections  of  adrenalin  have  been 
administered  to  animals  in  deep  shock,  and  the  heart  has  always 
worked  with  remarkable  efficiency  during  the  height  of  the  blood 
pressure  rise.  Death  during  shock  has  always  resulted  from  respira- 
tory rather  than  cardiac  failure. 

The  inadequate  venous  return  to  the  heart  has  also  been  observed, 
and  an  inspection  of  the  great  veins  makes  it  clear  that  the  blood  is 
not  accumulating  in  that  portion  of  the  vascular  system.  The  pres- 
ent experiments  demonstrate  that  histamine  exerts  a  local  dilator 
effect  upon  capillaries  and  that  during  histamine  shock  there  are 
marked  widening  and  engorgement  of  the  capillary  bed.  The  capil- 
lary dilatation  during  shock  is  accompanied  by  a  fall  in  blood  pres- 
sure, but  persists  independently  of  subsequent  blood  pressure  varia- 
tions. These  facts  are  entirely  in  accord  with  the  view  of  Dale  and 
Laidlaw  that  the  fall  of  blood  pressure  during  histamine  shock  is 
due  to  a  general  loss  of  capillary  tone  produced  by  the  poisonous 
local  action  of  the  base. 

CONCLUSIONS. 

1 .  Histamine  exerts  a  local  dilator  effect  upon  capillaries  and  upon 
the  smallest  arterioles  and  venules  which  border  the  capillary  system . 
There  occurs  also  an  opening  up  of  large  numbers  of  capillaries  of 
which  no  trace  can  be  seen  before  the  application  of  histamine. 

2.  When  injected  intravenously  in  amounts  sufficient  to  produce 
shock,  histamine  causes  a  quickly  progressive  dilatation  of  both  the 
visible  and  the  occult  capillaries  and  of  their  immediately  adjacent 
arterioles  and  venules,  all  of  which  become  engorged  with  blood  that 
moves  through  them  in  a  strikingly  sluggish  manner.  The  circula- 
tory failure  which  characterizes  histamine  shock  results  from  the 
dilatation  of  the  peripheral  vascular  bed. 
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EXPLANATION  OF  PLATES. 
The  five  photomicrographs  were  taken  with  the  same  magnification. 

Plate  13. 
Fig.  1.  Fat  streak  in  the  omentum.    Local  application  of  normal  saline  solution. 

Pl,\te  14. 

Fig.  2.  Arteriole  and  venule  in  the  normal  omentum  showing  the  apparently 
avascular  cell  sheath. 

Plate  IS. 

Fig.  3.  Fat  streak  in  the  omentum.    Local  application  of  histamine.     Blood 
pressure  normal. 

Plate   16. 
Fig.  4.  Fat  streak  in  the  omentum  during  histamine  shock. 

Plate   17. 

Fig.  5.  Arteriole  and  venule  in  the  omentum  during  histamine  shock,  showing 
capillary  network  throughout  the  cell  sheath. 
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(Rich:  Capillaries  in  histamine  shock.) 
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(Rich:  Capillaries  in  histamine  shock.) 
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(Rich:  Capillaries  id  histamtQe  shock.) 
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(Rich:  Capillaries  in  histamine  shock.) 
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(Rich:  Capillaries  In  histamine  shock.) 


STUDIES  ON  X-RAY  EFFECTS. 

VI.  Effect  of  the  Cellular  Reaction  Induced  by  X-Rays  on 

Cancer  Grafts.* 
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(Received  for  publication,  October  19,  1920.) 

The  theory  that  cancer  tissue  in  general  is  more  susceptible  to  injury 
by  x-rays  than  is  normal  tissue  has  been  the  subject  of  extensive 
investigation.'  As  far  as  we  have  been  able  to  determine  from  the 
literature  there  have  been  no  conclusive  proofs  brought  forward  that 
this  theory  is  correct.  Cancer  cells  can  undoubtedly  be  killed  by 
x-rays,  but  judging  from  our  experiments  the  amount  of  x-rays  which 
can  safely  be  given  to  man,  without  causing  burns  and  other  deleteri- 
ous effects,  is  not  sufficient  to  kill  the  cancer  cell  in  vitro} 

In  general  it  may  be  said  that  the  x-rays  have  given  almost  uni- 
formly beneficial  results  in  the  treatment  of  human  cancer  in  only 
one  type  of  malignant  disease;  namely,  skin  cancer,  particularly  of  the 
basal  cell  epithelioma  type.  Many  explanations  have  been  brought 
forward  to  account  for  the  fact  that  these  growths  are  so  easily 
affected,  while  other  cancers,  lying  just  beneath  the  skin  and  therefore 
almost  as  accessible  to  the  rays,  yield  less  uniform  results.  The 
beUef  among  x-ray  workers  is  that  the  difference  depends  on  dosage, 
and  their  tendency  has  been  to  endeavor  to  increase  the  amoimt  of 
x-rays  delivered  to  the  diseased  area.  Even  very  large  doses  of 
x-rays  have  failed  to  give  uniformly  good  results  in  any  but  the  super- 

*  This  investigation  was  carried  out  by  means  of  funds  from  the  Rutherford 
Donation. 

'  Colwell,  H.  A.,  and  Russ,  S.,  Radium,  x-rays  and  the  living  cell,  London, 
1915,  270. 

2  Hill,  E.,  Morton,  J.  J.,  and  Witherbee,  W.  D.,  /.  Exp.  Med.,  1919,  xxix,  89. 
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ficial  cancers,  although  sometimes  there  is  a  slowing  down  of  the 
progress  or  even  a  cessation  of  growth  for  a  period;  rarely  has  actual 
retrogression  taken  place.  In  the  vast  majority  of  instances  the 
treatment  may  be  said  to  have  had  no  effect,  and  even  in  the  few 
cases  in  which  there  is  improvement  the  benefit  is  only  temporary. 

Aside  from  skin  cancer  the  only  other  tumors  greatly  affected  by 
x-rays  are  the  sarcomata  arising  from  the  testicle,  and  certain  lym- 
phoid tumors.  It  is  of  interest  to  note  that  the  tissues  from  which 
these  tumors  arise  are  the  most  sensitive  of  the  normal  tissues  to 
x-rays.  Here  again  it  is  doubtful  whether  the  malignant  tissue  is 
any  more  sensitive  than  the  normal  tissue  from  which  it  arose.  Some 
of  those  who  question  whether  the  cancer  cell  is  more  susceptible  than 
normal  tissue  to  x-rays  have  advanced  theories  to  explain  their 
results.  The  two  which  have  received  most  attention  are  (a)  the 
idea  that  the  dividing  cell  has  an  increased  susceptibility  to  x-rays, 
and  {b)  the  theory  that  the  effect  obtained  from  x-ray  therapy  arises 
from  the  induced  obliteration  of  the  blood  vessels  which  diminishes 
the  nutrition  delivered  to  the  new  growth.  If  the  first  of  these  expla- 
nations is  correct,  we  should  expect  that  the  best  method  of  treating 
a  skin  cancer  would  be  by  ver>-  frequent  small  doses  of  x-rays  so  as 
to  destroy  the  cells  as  they  reach  the  dividing  stage.  Experience 
has  shown  that  this  method  does  not  give  the  desired  result.  If  the 
obliteration  of  the  blood  vessels  be  the  cause  of  the  occasional 
retrogression,  we  should  expect  a  more  imiform  result  than  is  at 
present  obtained,  for  blood  vessel  changes  are  quite  constant. 

In  the  past,  investigators  in  this  field  have  attempted  to  establish 
the  efiScacy  of  x-ray  therapy  by  exposing  tumors  in  situ.  The  results 
viewed  from  the  experimental  side  have  one  fallacy;  namely,  that 
they  do  not  take  into  accoimt  the  eff^ect  of  x-rays  on  the  animal  in 
general  and  the  local  tissue  reaction  induced  by  this  agent.  Other 
experimenters  have  exposed  tmnor  grafts  in  vitro  to  x-rays  and  then 
inoculated  them  into  animals.  In  most  instances  when  destruction 
of  the  cancer  grafts  resulted,  the  doses  used  were  not  comparable 
to  the  amount  of  x-rays  that  can  safely  be  given  to  a  living  animal. 
When  no  definite  destructive  action  on  the  cancer  grafts  was  noted 
with  amounts  of  x-rays  comparable  to  the  dose  which  can  safely 
be  given  to  man,  the  view  was  put  forward  that  as  only  one  dose  of 
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X-rays  was  administered  in  this  case,  while  in  the  usual  treatment  of 
man  repeated  exposures  are  given,  no  conclusions  can  be  drawn  from 
the  failure.  We  have  recently  reported  a  series  of  experiments  in 
which  the  attempt  was  made  to  treat  a  transplantable  mouse  cancer 
in  vitro,  as  nearly  as  possible  in  the  same  manner  as  that  employed 
in  the  treatment  of  himian  cancers,  with  the  exception  that  the  dosage 
was  magnified."  The  cancer  growths  were  removed  at  intervals  of 
from  5  to  6  weeks,  exposed  to  x-rays,  and  replanted  in  a  new  series  of 
animals.  The  outcome  of  the  experiment  was  at  first  to  reduce 
shghtly  and  transitorily  the  growth  energy  of  the  tumor,  while  the 
later  treatments  were  without  effect  either  on  the  nxmiber  of  takes  or 
the  rate  of  growth  of  the  timior. 

Hence  it  may  be  assumed  that  considerable  doubt  still  exists  that 
x-rays  in  a  dose  suitable  for  a  living  animal,  i.e.  an  amount  which 
will  not  produce  a  burn,wiU  exert  a  very  great  destructive  action  on  the 
cancer  cell.  The  question  arises  why  uniformly  good  results  should 
follow  the  treatment  of  skin  cancer  and  almost  as  uniformly  poor 
results  be  obtained  in  the  treatment  of  cancers  in  only  slightly  deeper 
tissues.  The  problem  involved  is  the  immediate  basis  of  the  experi- 
ments to  be  described  in  this  paper. 

The  studies  carried  out  by  workers  in  this  laboratory,  extending 
over  several  years,  have  emphasized  the  close  relation  existing  between 
the  lymphocytes  and  resistance  or  susceptibility  to  cancer  growths.' 
They  have  also  shown  that  the  lymphocyte  is  greatly  affected  by 
x-rays,  since  it  is  possible  either  to  stimulate  by  small  doses  the  pro- 
duction of  these  cells  or  by  larger  ones  practically  to  destroy  all  the 
lymphoid  tissues  of  the  body.''  In  looking  for  an  explanation  of  the 
results  of  the  treatment  of  human  cancer  with  x-rays,  in  the  light  of 
the  findings  described  above,  we  have  noted  two  interesting  observa- 
tions in  the  literature — first,  that  in  treating  cancer  of  the  skin  the 

'  Murphy,  Jas.  B.,  and  Morton,  J.  J.,  J.  Exp.  Med.,  1915,  xxii,  204,  800.  Mur- 
phy, Jas.  B.,  and  Sturm,  E.,  /.  Exp.  Med.,  1919,jcxix,  25,  31.  Murphy,  Jas.  B., 
and  Nakahara,  W.,  J.  Exp.  Med.,  1920,  xxxi,  1. 

^  Taylor,  H.  D.,  Witherbee,  W.  D.,  and  Murphy,  Jas.  B.,  J.  Exp.  Med.,  1919, 
xxix,  53.    Nakahara,  W.,  /.  Exp.  Med.,  1919,  xxix,  83.    Thomas,  M.  M.,  Taylor, 
H.  D.,  and  Witherbee,  W.  D.,  J.  Exp.  Med.,  1919,  xxix,  75.    Nakahara,  W.,  and 
Murphy,  Jas.  B.,  /.  Exp.  Med.,  1920,  xxxi,  13. 
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method  found  to  be  best  is  the  one  in  which  a  dose  sufficient  to  produce 
a  so  called  x-ray  erythema  is  given,  the  dose  not  being  repeated  until 
this  erythema  has  subsided;^  and  second,  that  the  so  called  x-ray 
erythema,  when  studied  histologically,  consists,  besides  the  dilation  of 
the  blood  vessels,  etc.,  of  a  lymphoid  infiltration  of  the  skin  layers,* 
which,  however,  docs  not  extend  to  the  subcutaneous  or  deeper 
tissues.  Hence,  it  seemed  not  impossible  that  this  important  differ- 
ence might  account  for  the  discordant  results  of  the  treatment  of 
cancers  of  the  skin  and  of  the  deeper  tissues.  The  following  experi- 
ments were  planned  to  test  this  point. 

EXPERIMENTAL. 

Intracutaneous  Inoculation  7  Days  after  Exposure  to  X-Rays. — The 
region  extending  from  the  upper  abdomen  down  to  and  including 
both  groins  was  shaved  carefully  in  healthy  young  mice.  These 
animals  were  secured  on  a  small  board  and  the  entire  body  was 
covered  with  sheet  lead.  An  opening  15  by  20  mm.  was  cut  in  the 
lead  so  as  to  expose  a  region  in  the  left  groin  extending  to  the  midline, 
and  this  area  was  then  exposed  to  x-rays  in  the  following  dose :  3  inch 
spark-gap,  10  milliamperes,  6  inch  distance  from  target,  and  2f 
minutes  exposure.  About  7  days  later  the  skin  showed  a  mild  ery- 
thema with  some  scaliness.  At  this  period  small  grafts  of  yoimg 
healthy  tumor  from  the  Bashford  adenocarcinoma,  No.  63  series, 
were  inoculated  intracutaneously  in  the  center  of  the  x-rayed  area 
and  also  in  the  corresponding  position  of  the  protected  right  groin. 
On  accoimt  of  the  thinness  of  the  skin,  considerable  caution  was  neces- 
sary to  avoid  thrusting  the  grafts  through  into  the  subcutaneous 
tissue,  but  occasionally  this  accidentally  occurred.  Weekly  obser- 
vations and  measurements  were  made.  The  results  of  the  individual 
experiments  are  shown  in  Table  I  and  Text-figs.  1  and  2. 

Thus  it  appears  that  there  is  a  decided  difference  in  the  number 
of  takes  from  cancer  grafts  inoculated  into  the  skin  of  an  area  pre- 
viously exposed  to  an  erythema  dose  of  x-rays,  as  compared  to  the 

'  Kno.x,  R.,  Radiography,  x-ray  therapeutics,  and  radium  therapy,  New  York, 
1916. 
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TABLE   I. 


Eiperiment  No. 

No.  of  animals. 

Growth  in  x-rayed  area. 

Growth  in  protected  area. 

per  cent 

per  cent 

1 

10 

40  0 

90.0 

2 

18 

33.3 

94  4 

3 

20 

40.0 

100.0 

4 

9 

44.5 

100.0 
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Text-Fig.  1.  The  growth  of  cancer  grafts  inoculated  intracutaneously  in  an 
area  7  days  after  an  x-ray  exposure,  compared  to  the  growth  of  similarly  inoculated 
grafts  in  an  untreated  area  in  the  same  animals. 


number  when  the  grafts  are  inoculated  in  the  same  manner  into  the 
same  animal,  but  in  an  area  protected  from  x-rays  (Fig.  1).  The 
next  question  to  arise  was  whether  the  difference  can  be  explained  by 
the  mechanical  interference  with  the  blood  supply  in  the  x-rayed 
area,  from  the  induced  changes  in  the  blood  vessels.     To  determine 
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this  point  a  number  of  animals  from  this  series  were  killed  with  ether 
and  skinned.  The  skin  was  held  before  a  light,  by  which  means  a 
clear  definition  of  the  vessels  is  secured.  The  vessels  in  all  instances 
were  found  to  be  distended  and  numerous  around  the  grafts  in  both 
areas,  and  whenever  a  difference  was  noted  it  was  in  favor  of  the 
x-rayed  side.     Moreover,  another  series  of  animals  was  injected  with 
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Text-Fig.  2.  A  repetition  of  the  experiment  shown  in  Text-fig.  1. 

India  ink  into  the  heart,  whereby  a  satisfactory  injection  of  the 
superficial  vessels  was  obtained.  No  essential  difference  in  the  num- 
ber of  patent  vessels  on  the  two  sides  was  detected. 

We  return  now  to  the  second  possibility.  If  the  induced  cellular 
reaction  in  the  skin  accounts  for  results  obtained  in  the  treatment  of 
human  cancer,  we  should  expect  no  difference  in  the  number  of  takes 
and  the  rate  of  growtli  of  the  cancer  grafts  in  mice  inoculated  imder 
the  skin  rather  than  into  the  skin  of  an  x-rayed  area.  The  following 
experiments  were  planned  to  test  this  point. 
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Stibcutaneous  Inoculation  7  Days  after  Exposure  to  X-Rays. — A 
series  of  mice  was  shaved  in  the  same  manner  as  those  described 
in  the  preceding  experiments  and  an  area  on  the  left  side  of  the 
abdomen  was  exposed  to  x-rays  in  the  same  dose,  the  rest  of  the 
body  being  completely  protected.  A  week  later  a  cancer  graft  was 
inoculated  into  the  x-rayed  area,  but  just  under  the  skin  in  the 
loose  connective  tissue.  Another  graft  was  inoculated  in  the  same 
manner  on  the  opposite  side  of  each  animal,  in  the  area  protected 
from  x-rays.     The  results  are  shown  in  Table  II  and  Text-Jig.  3. 


lABLE   n. 

Eiperiment  No. 

No.  of  animals. 

Growth  in  x-rayed  area. 

Growth  in  protected  area. 

per  cent 

per  cent 
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19 

89.5 

84.2 
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88.9 
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Text-Fig.  3.  A  graphic  representation  of  the  results  of  subcutaneous  inocula- 
tions of  cancer  grafts  into  x-rayed  areas  as  compared  with  the  subcutaneous 
inoculations  into  untreated  areas. 
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From  the  foregoing  data  it  will  be  seen  that  the  cancer  graft  inocu- 
lated into  an  x-rayed  area,  but  under  the  skin  instead  of  into  the  skin, 
grows  equally  as  well  as  does  a  graft  in  a  protected  area  inoculated 
in  the  same  manner.  It  would  seem,  therefore,  that  whatever  change 
is  induced  by  x-rays  which  renders  a  tissue  unsuitable  for  the  growth 
of  cancer  is  confined  to  the  skin  and  does  not  extend  even  to  the  loose 
connective  tissue  just  below  it.  The  histological  changes  induced 
by  the  x-rays  were  next  studied. 

Histological  Examination  of  Tissues  of  Animals  Inoculated  Intra- 
cutaneously  after  Exposure  to  X-Rays. — A  series  of  mice  was  shaved 
and  treated  with  x-rays  in  the  same  manner  as  in  the  foregoing  experi- 
ments. Some  of  these  were  killed  on  the  3rd  day  and  others  on  the 
7th  day  after  treatment.  The  remaining  mice  were  inoculated 
intracutaneously  with  a  graft  of  Bashford  Tumor  No.  63  in  the  center 
of  the  x-rayed  area  and  in  a  corresponding  location  in  the  protected 
groin.  These  last  animals  were  killed  off  in  groups  for  histological 
study  48  hours,  4  days,  and  7  days  after  inoculation. 

The  histological  examination  showed  that  3  days  after  exposure  to 
the  x-rays  the  skin  was  practically  normal,  while  7  days  after  treat- 
ment a  marked  accumulation  of  hnnphoid  varieties  of  cells  was 
present,  particularly  in  the  stratum  papillare  of  the  corium  in  the 
x-rayed  area  (Fig.  2),  whereas  the  untreated  area  remained  entirely 
normal  (Fig.  3). 

The  tumor  grafts  in  the  specimens  taken  after  inoculation  were 
found  to  lie  in  the  tela  subcutanea,  just  beneath  the  stratum  reticulare. 
In  the  instances  in  which  the  graft  was  not  completely  destroyed  in 
the  x-rayed  area,  there  was  a  marked  lymphoid  reaction  about  it 
(Fig.  4),  in  striking  contrast  to  the  practical  absence  of  reaction  around 
the  graft  in  the  normal  area  (Fig.  5).  After  the  destruction  of  the 
tumor  graft  was  complete,  the  IjTnphoid  infiltration  in  the  x-rayed 
area  of  the  skin  was  less  marked. 

The  next  experiments  were  made  to  ascertain  the  period  of  maxi- 
mum effect  of  the  changes  induced  in  the  skin  by  x-rays. 

Exposure  to  X-Rays  20  Hours  after  Intracutaneous  Inoculation. — A 
series  of  mice  was  shaved  over  the  abdomen  and  inoculated  intra- 
cutaneously in  both  groins  as  in  the  previous  e.xperiments.  20  hours 
after  the  tumor  inoculation  the  graft  in  the  left  groin  with  an  area 
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around  it  was  exposed  to  x-rays  in  a  dose  governed  by  the  following 
factors:  spark-gap  3  inches,  milliamperes  10,  distance  from  target 
6  inches,  and  time  2^  minutes,  a  dose  previously  determined  to  be 
insufficient  to  destroy  the  cancer  cell.  The  animals  were  examined 
weekly  and  measurements  made  of  the  tumors  with  the  results  shown 
in  Table  III  and  Text-fig.  4. 

TABLE    III. 


Experiment  No. 

No.  of  animals. 

Growth  in  x-rayed  area. 

Growtli  in  protected  area. 

per  cent 

per  cent 

7 

7 

14.4 

83.4 

8 

11 

10.0 

63  7 

9 

20 

15.0 

85.0 

10 

18 

50.0 

83.4 

As  a  control  to  the  above  observations  a  3  weeks  old  cancer  from 
the  same  series  as  that  used  for  the  precedmg  experiments  was  cut  up 
into  48  small  bits.  These  were  then  divided  into  two  lots,  each  con- 
taining twenty-four  pieces,  and  one  lot  was  exposed  to  a  dose  of 
x-rays  in  the  same  amount  as  that  given  in  the  previous  experiment 
to  the  area  of  skin  in  the  groin.  The  x-rayed  particles  of  tumor  were 
then  inoculated  intracutaneously  in  the  left  groin  of  twenty-four  mice 
and  at  the  same  time  one  of  the  untreated  tumor  particles  was  inocu- 
lated intracutaneously  into  the  right  groin  of  each  mouse.  At  the 
end  of  3  weeks  eighteen  of  the  twenty-four  untreated  grafts  had 
produced  tumors  and  sixteen  of  the  twenty-four  x-rayed  grafts  had 
grown.  There  was  no  appreciable  difference  either  in  the  time  of 
appearance  or  the  rate  of  growth  of  the  tumors  in  the  two  sides. 

Histological  Study. — Ten  normal  white  mice  were  inoculated  intra- 
cutaneously in  both  right  and  left  groins  with  the  strain  of  trans- 
plantable cancer  used  before.  24  hours  later  x-rays,  governed  by  the 
same  combination  of  factors  as  before,  were  given  on  the  left  groin 
over  the  skin  area  in  which  the  cancer  graft  had  been  implanted.  The 
right  groin  was  left  untreated  for  comparison.  The  mice  were  killed 
in  groups  of  two,  immediately,  after  24  hours,  48  hours,  4  days,  and 
7  days  after  x-ray  exposure. 
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Text-Fig.  4.  The  result  of  an  experiment  in  which  a  cancer  was  inoculated 
intracutaneously  into  each  groin  of  twenty  mice  and  20  hours  later  a  dose  of  x-rays 
was  given  over  the  left  groin  so  as  to  include  the  cancer  graft  and  the  surrounding 
tissue. 


No  detectable  histological  difierence  was  fovind  in  the  skin  of  the 
two  sides  of  animals  killed  during  the  first  three  periods.  The  moder- 
ate ceU  infiltration  about  the  graft  in  the  treated,  as  well  as  the 
untreated  side,  consisted  chiefly  of  polymorphonuclear  leucocytes. 

Beginning  with  the  4  day  period  an  extensive  lymphoid  infiltration 
in  the  skin,  especially  about  the  graft  on  the  treated  side,  appeared, 
while  the  graft  on  the  imtreated  side  was  weU  estabUshed  and  attended 
by  a  moderate  cell  infiltration,  in  which  polymorphonuclear  cells 
were  taking  the  more  prominent  part. 
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By  the  7th  day  the  tumor  graft  had  disappeared  in  the  treated 
side,  but  an  intense  lymphoid  infiltration  of  the  skin  was  present. 
In  the  untreated  side  a  growing  tumor  was  found,  accompanied  by 
some  cell  infiltration,  although  the  adjacent  skin  showed  only  slight 
invasion. 
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Text-Fig.  5.  The  growth  of  cancer  grafts  inoculated  intracutaneously  in  an 
area  of  skin  2  hours  after  the  skin  had  been  exposed  to  x-ray  treatment  compared 
to  the  fate  of  similarly  inoculated  grafts  in  an  untreated  area  in  the  same  animals. 

While  this  dose  of  x-rays  has  been  shown  to  be  incapable  of  destroy- 
ing tumor  cells  in  vitro,  the  objection  to  this  result  as  a  confirmation 
of  our  first  experiments  is  obvious,  as  the  cancer  cells  in  tlte  latter 
experiments  were  exposed  to  the  direct  action  of  the  x-rays.  The 
following  experiments  were  planned  with  the  idea  of  avoiding  this 
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objection  and  yet  availing  ourselves  of  the  full  time  of  the  effect 
produced  by  the  x-rays  in  the  skin. 

Intracutaneous  Inoculation  2  Hours  after  Exposure  to  X-Rays. — 
Mice  were  shaved  over  both  groins  and  then  given  the  same  dose  of 
x-rays  over  the  left  groin  as  that  given  in  the  preceding  experiments. 

2  hours  later  intracutaneous  inoculations  of  cancer  grafts  were  made 
into  the  x-rayed  area  of  the  left  groin  and  in  the  corresponding  locality 
in  the  right  groin,  the  latter  having  received  no  x-rays.    The  results 

3  weeks  after  these  inoculations  are  given  in  Table  IV  and  Text-fig.  5. 

TABLE   IV. 


Eiperiment  No. 

No.  of  animals. 

Growth  in  x-raycd  area. 

Growth  in  protected  area. 

11 
12 

18 
24 

per  cent 

3S.9 
12  5 

prr  cent 
88.9 
75  0 

It  will  be  seen  from  these  last  two  groups  of  experiments  that  when 
the  inoculation  is  made  either  just  before  or  just  after  the  administra- 
tion of  x-rays,  the  results  are  only  sUghtly  if  any  better  than  when 
the  cancer  inoculation  is  made  when  the  reaction  in  the  skin  is  at  its 
height. 

DISCUSSION  AND    CONCLUSIONS. 

We  shall  not  attempt  to  discuss  the  complex  question  of  the  amoimt 
of  x-rays  required  to  kill  the  cancer  cell,  for  this  has  been  dealt  with 
extensively  in  recent  literature.^  Certain  facts  stand  out  which 
cannot  be  satisfactorily  explained  by  the  direct  action  theory;  namely, 
that  in  man  skin  metastases  are  often  easily  influenced  by  x-rays 
while  the  primary  growth  or  even  metastases  in  the  subcutaneous 
tissue  are  resistant.  We  have  seen  such  a  case  in  our  clinic  at  the 
Hospital  of  The  Rockefeller  Institute,  in  which  numerous  skin  metas- 
tases disappeared  under  mild  doses  of  x-rays  while  metastases  in  the 
superficial  glands  of  the  neck  and  axilla  showed  no  retrogression  even 
under  large  doses.  The  amount  of  x-rays  delivered  to  the  cancer 
cells  in  the  latter  instances  was  many  times  greater  than  that  given 
to  the  skin  metastases.     The  experiments  reported  in  this  paper 

*  For  a  review  of  recent  literature  see  Wood,  F.  C,  and  Prime,  F.,  /.  Am.  Med. 
Assn.,  1920,  bcxiv,  308. 
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offer  a  plausible  explanation  of  this  phenomenon.  When  the  meta- 
stases or  primary  growth  is  in  the  skin,  the  x-rays  induce  a  condition 
which  renders  it  an  unsuitable  soil  for  survival  of  the  tumor  but 
this  change  does  not  extend  as  far  beyond  the  skin  layers  as  the 
subcutaneous  tissue.  The  x-rays  bring  about  a  marked  cellular 
reaction  confined  to  the  skin  layers.  It  seems  probable,  therefore, 
that  the  explanation  of  the  x-ray  action  in  rendering  an  area  unsuit- 
able for  cancer  growth  is  the  local  cellular  reaction  induced  in  this 
tissue.  Thus  this  effect  is  brought  into  harmony  with  the  observa- 
tions already  pubUshed  by  us  on  the  relation  of  lymphoid  cell  reaction 
and  resistance  to  tumor  growth.  Certain  studies  recently  pubHshed 
by  Ewing'  on  the  effect  of  radium  in  the  treatment  of  himian  cancers 
indicate  that  a  similar  mechanism  plays  a  part  in  the  beneficial  effects 
obtained  by  this  mode  of  treatment. 

Another  explanation  which  has  been  proposed  by  many  observers 
is  that  the  good  effect  of  x-rays  depends  on  the  induced  blood  vessel 
changes  with  a  resultant  deficiency  of  nutrition  to  the  tumor  cells. 
Our  experiments  covering  this  point  showed  that  at  no  stage  of  the 
erythema  or  later  during  the  retrogression  of  the  tumor  could  any 
evidence  of  obstruction  to  the  local  blood  supply  be  detected.  In 
the  Ught  of  the  previous  experiments  on  the  relation  of  the  lymphoid 
reaction  to  cancer  immunity  and  the  present  experiments  on  the 
lymphoid  cell  reaction  induced  by  x-rays  and  the  failure  of  the  growth 
of  tumors  in  such  areas,  this  central  fact  must  be  taken  into  consider- 
ation in  accounting  for  the  therapeutic  action  of  x-rays  in  cancer. 
In  this  connection  we  desire  to  state  that  we  do  not  regard  the  results 
obtained  in  the  treatment  of  testicular  sarcoma  and  certain  lymphoid 
tumors  as  covered  by  this  explanation,  for  like  their  parent  tissues 
the  cells  of  these  respective  tumors  are  particularly  sensitive  to  the 
direct  action  of  x-rays. 

There  remain  to  be  considered  the  occasional  beneficial  results 
obtained  with  x-rays  in  metastatic  cancer  in  lymph  glands.  This 
question  is  not  a  simple  one.  For  example,  in  regions  draining  an 
area  affected  by  cancer,  the  Ij^mph  glands  often  become  more  numer- 
ous and  much  larger  than  normal.     Such  glands  are  often  regarded 

'Ewing,  J.,  J.  Am.  Med.  Assn.,  1917,  Ixviii,  1238. 
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as  metastatic,  and  yet  pathologists  who  have  examined  the  extirpated 
glands  often  fail  to  find  cancer  cells.  These  hypertrophic  glands 
would,  of  course,  melt  away  under  x-rays.  There  is  another  series 
of  events  which  may  also  give  a  false  impression  of  retrogression  of 
cancer  metastases  under  x-rays.  We  have  seen  such  an  instance  in 
the  case  of  a  large  gland  in  the  neck  of  a  patient  sufTering  from  cancer 
of  the  breast.  The  nodule  was  exposed  to  \agorous  x-rays  and 
promptly  retrogressed  to  a  point  where  it  was  just  palpable.  The 
small  nodule  was  removed  at  operation  at  this  period  with  another 
involved  gland  which  had  not  been  subjected  to  the  x-rays.  In  the 
latter,  or  untreated  gland,  there  was  a  small  metastasis  with  a  fairly 
abundant  supply  of  lymphoid  tissue,  the  two  making  up  a  fair  sized 
nodule,  while  in  the  treated  gland  the  metastasis  was  found  to  be 
made  up  of  healthy  tumor  cells  showing  no  evidence  of  deleterious 
effects  from  the  x-rays.  We  believe  that  in  this  case  the  apparent 
retrogression  of  the  nodule  was  due  simply  to  the  destruction  of  the 
lymphoid  elements  of  the  gland  with  no  effect  whatever  on  the  cancer 
cells.  Finally,  examples  are  known  of  definite  retrogression  of 
metastatic  nodules  in  the  superficial  glands  resulting  from  x-ray 
treatment  to  which  the  above  explanations  do  not  apply.  WTiether 
these  are  to  be  explained  by  an  occasional  reaction  induced  in  the 
de,ep  tissues  by  x-rays,  or  whether  they  represent  occasional  examples 
of  tumor  tissue  hypersensitive  to  x-rays,  future  studies  will  have  to 
determine.  In  \iew,  however,  of  the  doubt  surrounding  the  opinion 
that  cancers  in  general  are  more  sensitive  to  x-rays  than  is  normal 
tissue,  we  wish  to  question  the  advisability  of  the  present  tendency 
to  increase  greatly  the  dose  of  x-rays.  We  make  this  point  since 
our  previous  studies  have  shown  that  it  is  possible  in  mice  to  break 
down  the  general  mechanism  of  resistance  against  cancer  by  over- 
whelming doses  of  x-rays.' 

SUMMARY. 

Small  areas  of  the  skin  in  the  groin  of  mice  were  subjected  to  an 
erythema  dose  of  x-rays  and  a  week  later  a  cancer  graft  was  inoculated 
intracutaneously  into  the  area  and  at  the  same  time  a  like  graft  was 

^Murphy,  Jas.  B.,  and  Taylor,  H.  D.,  J.  Exp.  Med.,  1918,  xxviii,  1. 
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inoculated  in  the  same  manner  in  the  opposite  groin  protected  from 
x-rays.  The  graft  in  the  x-rayed  area  showed  a  low  percentage  of 
takes,  while  that  in  the  nonnal  skin  gave  the  usual  high  percentage. 
When  the  graft  was  introduced  into  the  subcutaneous  tissues  it  grew 
equally  as  well  in  the  x-rayed  area  as  in  the  protected  area. 

Histological  examination  shows  the  skin  layers,  a  few  days  after 
x-ray  treatment,  to  be  markedly  infiltrated  with  round  cells  of  the 
lymphoid  type.  The  reaction  did  not  extend  deeper  than  the  skin 
layers.  It  is  suggested  that  this  local  lymphoid  reaction  induced  by 
the  x-rays  controls  the  graft  made  into  the  skin,  while  its  absence  in 
deeper  tissues  accounts  for  the  growth  of  the  grafts  more  deeply 
implanted. 

EXPLANATION  OF   PLATES. 
Plate  18. 

Fig.  1.  The  result  of  an  intracutaneous  inoculation  of  cancer  grafts  in  an  area 
previously  exposed  to  x-rays  (left  side)  compared  with  the  result  of  a  similar  inocu- 
lation in  an  untreated  area  (right  side). 

Plate  19. 

Fig.  2.  X-rayed  area  of  the  skin  of  a  mouse  7  days  after  the  treatment. 
Fig.  3.  Untreated  area  of  the  skin  of  the  same  mouse. 

Plate  20. 

Fig.  4.  Cancer  graft  in  an  x-rayed  area. 
Fig.  5.  Cancer  graft  in  an  untreated  area. 
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EFFECT    OF    INDUCED    CELLULAR    REACTION   ON   THE 
FATE  OF  CANCER  GRAFTS.* 

IV.  Studies  on  Lymphoid  Activity. 

By  JAMES  B.  MURPHY,  M.D.,  RAYMOND  G.  HUSSEY,  il.D.,  ERNEST  STURM, 
AND  WARO  NAKAHARA,  Ph.D. 

{From  the  Laboratoi-'es  of  The  Rockefeller  Institute  for  Medical  Research.) 

Pl.\tes  21  to  23. 
(Received  for  publication.  October  15.  1920.1 

It  has  been  shown  that  the  induction  of  a  general  l^Tnphocytosis 
is  accompanied  by  a  more  or  less  marked  immunity  to  cancer,'  and 
that  a  local  reaction  of  lymphoid  cells,  induced  in  the  skin  by  means 
of  x-rays,  renders  this  tissue  an  unsuitable  locaHty  for  the  growth 
of  cancer.-  The  reaction  about  a  cancer  graft  inoculated  into  a 
mouse  pre\'iously  injected  with  homologous  li\'ing  tissue  has  a  striking 
likeness  to  a  local  anaphylactic  reaction,  and  is  followed  by  a  more  or 
less  complete  destruction  of  the  tumor  graft.  Yet  in  spite  of  this 
constant  association  of  immunity  and  the  cellular  reaction,  cancer 
investigators  have  been  inclined  to  look  for  other  explanations  of  the 
immunity  phenomena.''  If  this  cellular  reaction  is  an  important 
factor  and  appears  to  explain  more  or  less  the  immunity  phenomena, 
it  should  be  possible  to  bring  about  a  local  immunity  to  cancer,  by 
inducing  around  a  graft  a  reaction  similar  to  that  which  occurs  in  a 
generally  immune  animal.     As  the  local  anaphylactic  reaction  has 

*  This  investigation  was  carried  out  by  means  of  funds  from  the  Rutherford 
Donation. 

'  Murphy,  Jas.  B.,  and  Morton,  J.  J..  J.  Exp.  Med.,  1915,  xxii,  800.  Murphy, 
Jas.  B.,  and  Sturm,  E.,  /.  E.xp.  Med..  1919,  xxix,  25,  31.  Nakahara,  W.,  and 
Murphy,  Jas.  B.,  /.  Exp.  Med.,  1920,  xxxi,  13. 

^  Murphy,  Jas.  B.,  Hussey,  R.  G.,  Nakahara,  W.,  and  Sturm,  E.,  /.  Exp.  Med., 
1921,  xxxiii,  299. 

'  For  a  review  of  the  literature  see  Woglom,  W.  H.,  Studies  in  cancer  and  allied 
subjects.     The  study  of  experimental  cancer.     A  review.  New  York,  1913. 
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similarities  with  the  local  effect  observed  about  a  graft  in  cancer- 
immune  animals,  we  have  tested  out  the  influence  of  the  former  reac- 
tion on  cancer  grafts. 

Foreign  Protein  Reaction  in  Mice. 

The  material  most  generally  used  to  produce  homologous  tissue 
immunity  in  mice  is  defibrinated  mouse  blood ;  the  amount  necessary 
to  induce  a  satisfactory  immunity  is  about  0.2  cc.  In  order  to  parallel 
closely  this  procedure  the  same  amount  of  defibrinated  rat  blood 
has  been  used  as  the  foreign  protein  in  the  following  experiments. 

0.2  cc.  of  defibrinated  rat  blood  was  injected  into  the  loose  con- 
nective tissues  of  the  backs  of  mice,  the  first  series  of  which  was  killed 
24  hours  later  and  the  tissues  prepared  for  and  subjected  to  histological 
examination.  A  considerable  degree  of  lymphoid  infiltration  in  the 
region  of  the  injected  blood  (Fig.  1)  was  present,  similar  to  that  which 
occurs  about  an  injection  of  defibrinated  mouse  blood.* 

10  days  later  another  series  of  the  sensitized  mice  was  given  a 
second  small  injection  of  rat  blood  into  the  groin,  and  after  another 
24  hours  the  animals  were  killed  and  the  groin  tissue  was  prepared 
for  histological  examination.  This  tissue  showed  a  marked  infiltra- 
tion of  IjTnphocytes  about  the  injected  blood,  a  reaction  far  more 
extensive  than  that  occurring  after  a  single  injection  and  equal  to 
that  found  about  a  cancer  graft  in  an  immune  animal  (Fig.  2) . 

Hence  it  is  readily  possible  to  induce  a  reaction  to  foreign  protein 
similar  to  that  accompanying  the  immunity  reaction  to  cancer.  The 
following  experiments  were  planned  to  test  the  effect  of  this  reaction 
on  cancer  grafts. 

Experiment  1. — A  large  normal  rat  was  bled  from  the  heart  under  aseptic  pre- 
cautions and  the  blood  was  defibrinated.  Of  sixteen  normal  mice  from  the  same 
strain  and  of  about  the  same  age,  eight  were  injected  subcutaneously  with  0.2  cc.  of 
the  rat  blood.  10  days  later  a  2J  weeks  old  Bashford  adenocarcinoma  was  re- 
moved from  a  mouse  and  cut  into  pieces  of  approximately  equal  size.  The  frag- 
ments were  placed  in  a  container  and  thoroughly  mixed  with  a  quantity  of  freshly 
defibrinated  rat  blood.  The  tumor  particles  were  then  loaded  into  a  trocar, 
care  being  taken  to  include  a  drop  of  the  blood  with  each  graft,  and  inoculated 
into  eight  mice  formerly  injected  with  rat  blood  and,  in  the  same  manner,  into 

*  Murphy,  Jas.  B.,  and  Nakahara,  W.,  /.  Exp.  Med.,  1920,  xxxi,  1. 
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eight  normal  control  mice.  Measurements  of  the  grafts  were  made  at  weekly 
intervals.  At  the  end  of  3  weeks,  of  the  eight  animals  which  had  been  sensi- 
tized with  rat  blood  and  afterwards  inoculated  with  a  mixture  of  rat  blood  and 
the  cancer,  three  only  showed  tumors,  while  all  the  control  mice  inoculated  with 
a  mixture  of  rat  blood  and  the  cancer  showed  tumors. 

Experiment  2. — The  preceding  experiment  was  repeated  with  ten  mice  in  the 
sensitized  series  and  ten  in  the  control.  Among  the  former  four  tumors  devel- 
oped, or  40  per  cent  of  takes,  while  among  the  latter  nine  tumors  developed,  or 
90  per  cent  of  takes. 

Experiment  3. — Twenty  mice  were  given  an  injection  of  0.2  cc.  of  defibrinated 
rat  blood  subcutaneously.  10  days  later  ten  of  these  were  inoculated  with  a 
mixture  of  rat  blood  and  mouse  cancer,  and  the  other  ten  with  mouse  cancer 
alone.  A  control  series  of  ten  non-sensitized  mice  was  also  inoculated  with  a  mix- 
ture of  cancer  and  rat  blood.  The  mice  sensitized  and  inoculated  with  a  mixtiire 
of  rat  blood  and  cancer  showed  four  tumors,  or  40  per  cent  of  takes,  the  mice  sen- 
sitized and  injected  with  cancer  grafts  alone  showed  ten  tumors,  or  100  per  cent 
of  takes,  and  the  control,  non-sensitized  mice  given  cancer  plus  blood  showed 
nine  tumors,  or  90  per  cent  of  takes. 

Experiment  4. — This  experiment  was  a  repetition  of  Experiment  3,  with  ten 
mice  in  each  series.  The  mice  sensitized  with  rat  blood  and  then  inoculated  with 
a  mixture  of  rat  blood  and  .mouse  tumor  showed  five  tumors,  a  susceptibility 
of  50  per  cent,  the  mice  sensitized  with  rat  blood  and  inoculated  with  tumor 
alone  showed  ten  tumors,  a  susceptibHitv  of  100  per  cent,  and  the  normal  mice 
inoculated  with  a  mixture  of  rat  blood  and  mouse  tumor  showed  ten  tumors,  a 
susceptibiUty  of  100  per  cent. 

Experiment  5. — The  experiment  was  again  repeated  with  ten  mice  in  each 
series.  The  mice  sensitized  with  rat  blood  and  then  inoculated  with  a  mixture 
of  rat  blood  and  mouse  cancer  showed  a  susceptibility  of  60  per  cent,  while  the 
animals  sensitized  and  inoculated  with  cancer  material  alone  were  100  per  cent 
susceptible,  as  was  also  the  normal  control  series  inoculated  with  a  mixture  of 
rat  blood  and  cancer. 

Experiment  6. — This  was  a  repetition  of  the  preceding  experiments.  The 
results  showed  50  per  cent  susceptibUity  in  ten  animals  sensitized  with  rat  blood 
and  later  inoculated  with  a  mixture  of  rat  blood  and  mouse  cancer,  77  per  cent 
susceptibility  in  a  series  of  nine  mice  sensitized  and  inoculated  with  the  tumor 
tissue  alone,  and  80  per  cent  susceptibility  in  the  control  series  of  ten  normal 
control  mice  inoculated  with  the  mixture  of  rat  blood  and  mouse  cancer. 

The  results  obtained  in  the  foregoing  experiments  are  presented  in 
Table  I  and  Text-lig.  1. 
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TABLE  I. 


Experi- 
ment No. 

Group  A.* 

Group  B. 

Group  C. 

1 

62.5  per  cent  immunity 
(8  mice). 

0.0  per  cent 

(8  mice). 

immunity 

2 

60.0  per  cent  immunity 
(10  mice). 

10.0  per  cent 
(10  mice). 

immunity 

3 

60.0  per  cent  immunity 

0.0  per  cent  immunity 

10.0  per  cent 

immunity 

(10  mice). 

(10  mice). 

(10  mice). 

4 

50.0  per  cent  immunity 

0.0  per  cent  immunity 

0.0  per  cent 

immunity 

(10  mice). 

(10  mice). 

(10  mice). 

5 

40.0  per  cent  immunity 

0.0  per  cent  immunity 

0.0  per  cent 

immunity 

(10  mice). 

(10  mice). 

(10  mice). 

6 

50.0  per  cent  inmiunity 

23.0  per  cent  immunity 

20.0  per  cent 

immunity 

(10  mice). 

(9  mice). 

(10  mice). 

*  Group  A  was  composed  of  animals  sensitized  with  0.2  cc.  of  rat  blood  and 
10  days  later  inoculated  with  a  mixture  of  rat  blood  and  mouse  cancer.  Group 
B  was  made  up  of  mice  sensitized  with  0.2  cc.  of  rat  blood  and  10  days  later  inocu- 
lated with  mouse  cancer  alone.  Group  C  was  made  up  of  mice  not  sensitized  but 
inoculated  with  a  mixture  of  rat  blood  and  mouse  cancer. 


Histological  Study  of  the  Fate  of  the  Cancer-Rat  Blood  Mixture 
Inoculated  into  a  Sensitized  Animal. 

It  has  been  shown  that  the  reaction  which  takes  place  about  the 
immunizing  injection  of  mouse  blood  into  a  mouse  is  similar  to  that 
about  an  injection  of  rat  blood  in  a  mouse.  The  reaction  which 
takes  place  around  a  cancer  graft  in  an  immunized  mouse  has  been 
shown  to  be  similar  to  that  which  occurs  around  injected  rat  blood 
in  a  mouse  previously  sensitized  to  rat  blood.  The  following  experi- 
ment was  undertaken  to  supply  material  for  the  histological  study 
of  the  fate  of  a  cancer  graft  mixed  with  rat  blood  when  inoculated 
into  a  mouse  previously  sensitized  to  rat  blood. 

A  series  of  mice  was  injected  with  0.2  cc.  of  rat  blood  and  10  days 
later  inoculated  with  a  mixture  of  rat  blood  and  mouse  tumor.  These 
mice  were  killed  in  groups  at  24  hour  intervals  up  to  the  7th  day 
and  histological  studies  made  of  the  grafts.  24  hours  after  inoculation 
there  was  a  massive  lymphoid  and  a  mild  polymorphonuclear  reaction 
about  the  graft  (Figs.  3  and  4) .     The  reaction  was  still  marked  on  the 
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Text-Fig.  1.  The  rate  of  growth  of  mouse  cancer  inoculated  in  a  mLxture  with 
rat  blood  into  mice  previously  sensitized  to  rat  blood,  compared  to  the  rate  of 
growth  when  the  cancer  alone  is  inoculated  into  sensitized  mice  and  the  rate  of 
growth  when  the  cancer  and  rat  blood  are  inoculated  into  non-sensitized  mice. 


2nd  day,  but  by  the  3rd  day  it  had  begun  to  diminish  and  the  graft 
was  more  or  less  completely  destroyed.  After  this  period  there  was 
a  rapid  subsidence  of  the  reaction.  The  reaction  described  above  is 
similar  to  that  seen  around  the  cancer  graft  in  an  immunized  animal. 
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Desensitizing  Effect  of  Generalized  Doses  of  X-Rays. 

In  a  previously  reported  experiment  it  was  shown  that  mice  ren- 
dered potentially  immime  by  the  injection  of  mouse  blood  could  be 
reduced  to  a  susceptible  state  by  properly  regulated  exposure  to 
x-rays,  administered  between  the  time  of  the  immunizing  dose  and 
that  of  the  cancer  inoculation.^  It  has  likewise  been  shown  that 
x-rays  administered  at  certain  periods  after  a  foreign  protein  injection 
desensitize  an  animal  to  such  an  extent  that  no  anaphylactic  shock 
results  after  a  second  injection  of  the  protein."  These  facts  have  led 
us  to  test  the  efTect  of  x-rays  on  the  immunity  resulting  from  sensiti- 
zation of  mice  with  rat  blood  and  the  subsequent  inoculation  of  mouse 
cancer  mixed  with  rat  blood. 

Normal  white  mice  were  injected  subcutaneously  with  0.2  cc.  of 
delibrinated  rat  blood.  These  mice  and  another  group  of  mice  which 
had  not  been  sensitized  were  then  given  daily  doses  of  x-rays  for  8 
days.  The  dose  was  governed  by  the  following  factors:  spark-gap 
2j  inches,  miUiamperes  10,  time  2  minutes,  and  distance  from  target 
12  inches.  10  days  after  the  sensitizing  injection  these  animals  and 
several  normal  controls  were  inoculated  with  a  Bashford  adeno- 
carcinoma mixed  with  delibrinated  rat  blood.  The  results  from 
these  experiments  are  given  in  Table  II  and  Text-fig.  2. 

TABLE   II. 


Experi- 
ment No. 

Group  A.* 

Group  B. 

Group  C. 

7 
8 

10.0  per  cent  immunity. 
2*7  2    '*       '*             '* 

10.0  per  cent  immunity. 

20.0  per  cent  immunity. 
20.0    "      "           " 

*  Group  A  comprises  thirty-two  mice  sensitized  to  rat  blood,  which  were  given 
eight  exposures  to  x-rays  and  were  then  inoculated  with  a  mixture  of  rat  blood 
and  mouse  tumor.  Group  B  was  made  up  of  ten  mice  not  sensitized  but  given 
the  same  amount  of  x-rays  as  Group  A  and  then  inoculated  with  cancer  alone. 
Group  C  was  composed  of  twenty  normal  animals  inoculated  with  a  mixture  of 
rat  blood  and  mouse  cancer,  which  had  received  no  previous  injection  of  blood 
and  no  x-rays.    The  total  number  of  mice  used  in  these  experiments  was  62. 


5  Murphy,  Jas.  B.-,  and  Taylor,  H.  D.,  J.  Exp.  Med.,  1918,  xxviii,  1. 
^Hussey,  R.  G.,  and  Murphy,  Jas.  B.,  unpublished  observation. 
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Experiment  8. 

Sensitized 

Normal. 

Normal. 

X-myed;6body  doses. 

XTa/ed;6body  doses. 

Tumor  and  bioodlDX 

Tumor  (alone)  inoc. 

Tumor  and  blood  inoc 

2727.  immune. 

10.07,  immune. 

20.07,  immune. 

1 
2 
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11 
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•           # 
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"          «          ^ 

14 

-,         0         ^ 

15 

-■>.         *          ^ 

16 

*          0         ^ 

17 

:           ^           ^ 

18 

*             # 

19 

*            0 

20 

-            ^             ^ 

ZI 

+?           ^            ^ 

22 

^          ^ 

WeeKs.  1         2          3 

I              2              3 

1             2             3 

1 

Text-Fig.  2.  Tlie  eflfect  of  generalized  x-rays  on  the  immunity  to  transplanted 
cancer  resulting  from  a  local  anaphylactic  reaction. 


Efect  on  the  Foreign  Protein  Reaction  of  X -Rays  Administered  Locally. 

The  foregoing  experiments  show  that  mice  develop  an  enhanced 
refractory  state  to  the  growth  of  transplanted  timior  if  they  are  first 
sensitized  with  rat  blood  and  inoculated  10  days  later  with  a  mLxture 
of  rat  blood  and  mouse  timior.  Histological  examination  made  at 
intervals  after  the  tumor  inoculation  shows  that  there  is  a  definite 
local  reaction,  made  up  principally  of  cells  of  the  l^Tnphoid  series, 
which  takes  place  around  the  tumor  cells.  This  reaction  reaches  its 
maximum  about  24  hours  after  inoculation  and  then  gradually  sub- 
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sides.  It  seems  reasonable  in  the  light  of  previous  observations 
that  the  cellular  elements  constituting  the  reaction  play  some  active 
part  in  the  mechanism  bringing  about  the  refractory  state. 

On  the 'assumption  that  the  latter  statement  is  true,  it  would  seem 
to  follow  that  if  it  were  possible  to  destroy  these  cells  and  at  the 
same  time  not  to  injure  the  tumor  cells,  the  refractory  state  potentially 
present  might  be  inhibited  to  some  measure.  Since  it  has  been  shown 
that  the  x-rays  in  moderate  amounts  have  little  if  any  direct  effect 
on  the  \'iability  of  the  cells  of  transplanted  tumor  when  exposures 
are  made  directly  to  the  tumor,'  and  since  it  is  well  known  that  the 
x-rays  when  properly  regulated  have  a  selective  destructive  action 
on  the  lymphoid  elements  of  the  body,'  it  was  thought  possible 
through  these  means  to  effect  the  purpose  stated  above. 

Normal  mice  were  inoculated  subcutaneously  with  0.2  cc.  of  defibri- 
nated  rat  blood  and  10  days  later  inoculated  in  the  groin  with  a  bit 
of  Bashford  adenocarcinoma  mixed  with  defibrinated  rat  blood. 
15  to  20  hours  after  the  inoculation  the  mice  were  covered  with  sheet 
lead  in  which  an  aperture  had  been  made  large  enough  to  allow  the 
rays  to  affect  the  area  around  the  graft.  This  area  was  then  exposed 
to  the  x-rays  in  the  following  dose:  spark-gap  8  inches,  milliamperes 
5,  time  4  minutes  and  38  seconds,  distance  from  target  8  inches, 
filtered  through  3  mm.  of  aluminimi.  For  controls  to  the  above 
experiment,  normal  mice  were  inoculated  with  bits  of  the  same  timior 
and  were  exposed  to  the  same  amoimt  of  x-rays,  and  other  normal 
mice  were  inoculated  with  tumor  and  rat  blood  without  previous 
sensitization  or  after-treatment  with  x-rays.  The  results  are  shown 
in  Table  III  and  Text-fig.  3. 

TABLE    III. 


Experi- 
ment No. 

Group  A,* 

Group  B. 

Group  C. 

9 

10 

30.0  per  cent  immunity. 
38.0   "      " 

10.0  per  cent  immunity. 

20.0  per  cent  immunity. 
20.0    "       " 

*  Group  A  was  made  up  of  thirty-one  mice,  sensitized  to  rat  blood,  which  were 

'Hill,  E.,  Morton,  J.  J.,  and  Witherbee,  W.  D.,  J.  Exp.  Med.,  1919,  xxix,  89. 
*  Heineke,  H.,  Milt.  Grcnzgeb.  Med.  u.  Chir.,  1904-05,  xiv,  21. 
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inoculated  after  10  days  with  a  mixture  of  rat  blood  and  mouse  cancer;  20  hours 
later  they  were  given  a  local  dose  of  x-rays.  Group  B  was  composed  of  normal 
mice  inoculated  with  a  mouse  cancer  and  20  hours  later  given  a  local  dose  of  x-rays. 
Group  C  consisted  of  twenty  normal  mice  inoculated  with  a  mixture  of  mouse 
tumor  and  rat  blood. 


Experiment  10. 
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Text-Fig.  3.  The  effect  of  x-rays  on  the  immunity  to  transplanted  cancer 
resulting  from  a  local  anaphylactic  reaction  when  the  x-rays  are  administered 
locally  over  the  cancer  graft  20  hours  after  inoculation. 


Histological  Study. — Twelve  normal  white  mice  were  inoculated 
with  0.2  cc.  of  rat  blood,  and  10  days  later  inoculated  with  rat  blood 
plus  a  fragment  of  a  Bashford  Adenocarcinoma  No.  63.  24  hours 
after  the  second  inoculation  a  dose  of  x-rays  was  given  locally  over 
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the  area  of  the  cancer  implantation.  Two  of  the  mice  were  killed 
just  before  the  x-rays  were  given,  and  two  others  immediately  after- 
wards. Eight  mice  were  killed,  in  groups  of  two,  24  hours,  and  3, 
6,  and  10  days  after  x-ray  treatment. 

24  hours  after  the  second  inoculation  an  extensive  cell  infiltration 
was  found  in  the  area  of  the  subcutaneous  tissue  where  the  mixture 
of  heterologous  blood  and  homologous  cancer  tissue  had  been  inocu- 
lated (Fig.  5).  The  cells  participating  in  the  reaction  were  chiefly 
of  the  lymphoid  variety,  the  polymorphonuclear  cells  being  less 
numerous. 

In  the  specimens  taken  immediately  after  the  x-rays  were  given 
there  was  a  striking  reduction  of  these  cells  (Fig.  6)  in  the  area  which 
had  been  thickly  infiltrated  immediately  before  the  x-ray  treatment. 
How  this  reduction  of  the  cells  is  brought  about  is  a  matter  of  con- 
jecture, but  it  should  be  mentioned  that  no  necrotic  cells  were  found 
in  the  x-rayed  area.  24  hours  after  the  x-ray  treatment  and  later 
the  cell  infiltration  was  gradually  restored,  although  it  did  not  become 
so  extensive  as  it  was  before. 

The  temporary  suppression  of  the  lymphoid  reaction  effected  by 
the  local  dose  of  x-rays  seems  to  indicate  that  the  removal  of  these 
cells  is  one  of  the  factors  which  plays  a  part  in  allowing  the  graft 
to  grow  in  the  sensitized  animal. 

From  the  two  foregoing  groups  of  experiments  the  conclusion  is 
drawn  that  it  is  possible  to  overcome,  to  a  certain  extent,  the  im- 
munity to  cancer  resulting  from  a  local  anaphylactic  reaction,  in  two 
ways.  In  either  case  we  consider  that  the  effect  follows  the  prevention 
of  the  local  cellular  infiltration  from  taking  place  or  from  becoming 
effective.  In  the  first  of  these  two  experiments  animals  were  desen- 
sitized so  tliat  the  second  mjection  of  foreign  protein  did  not  call 
forth  the  local  cellular  reaction.  In  the  second  experiment  the 
lymphocytes  taking  part  in  the  local  reaction  were  destroyed  by  x-rays 
before  they  had  time  materially  to  affect  the  cancer  graft. 

DISCUSSION. 

The  foregoing  experiments  offer  further  evidence  of  the  hypothesis 
that  the  so  called  immimity  to  the  transplanted  cancers  of  mice 
depends  on  a  local  cellular  reaction  in  which  cells  of  the  lymphoid 
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type  play  the  principal  part.  The  usual  method  of  producing  this 
immunity  is  through  the  injection  of  a  quantity  of  Hving  homologous 
tissue,  which  leads  to  a  non-specific  immunity,  which  in  turn  is 
directed  against  a  great  variety  of  cancers  and  sarcomas,  as  well  as 
against  transplanted  normal  tissue.  It  has  been  suggested  that  this 
immunity  phenomenon  is  analogous  to  the  so  called  anaphylactic 
reaction,  but  the  exact  nature  of  the  relation  had  never  been  demon- 
strated. The  experiments  reported  here  indicate  that  this  relation 
is  quite  close.  The  first  injection  prepares  or  sensitizes,  and  the 
second  injection  of  the  cancer  cells  calls  out  a  cellular  exudate  such 
as  is  observed  in  local  anaphylactic  reactions.  Why  Hving  cells  are 
necessary  for  the  sensitizing  dose  is  not  evident,  unless  it  requires 
living  cells  to  sensitize  to  living  cells.  The  fact  is  unmistakable, 
from  the  experiments  reported  here,  that  the  condition  of  local  ana- 
phylaxis renders  the  tissues  affected  unsiiitable  for  the  growth  of  a 
cancer  graft,  and  the  histological  changes  which  arise  correspond  with 
those  seen  about  a  cancer  graft  in  an  animal  immunized  by  a  previous 
injection  of  homologous  tissue.  That  the  cellular  exudate  is  the 
essential  inhibiting  agent  is  indicated  by  the  fact  that  when  this 
exudate  is  prevented  from  arising  or  is  arrested,  the  protective  effect 
is  either  annulled  or  materially  reduced.  It  is  stiU  imcertain  whether 
the  desensitization  induced  by  x-ray  exposure  results  in  such  a  general 
destruction  of  the  lymphocytes  that  the  number  left  is  insufficient 
to  yield  the  local  reaction,  or  whether  it  depends  on  some  other 
factor.  Reasoning  from  the  observed  fact  that  x-rays  are  capable  of 
actual  desensitization  even  to  the  extent  of  preventing  anaphylactic 
shock  from  a  second  injection  of  foreign  protein,  one  may  well  con- 
sider whether  the  failure  of  immunity  under  these  conditions  does 
not  arise  from  the  inabihty  of  the  desensitized  animals  to  call  out 
the  usual  cellular  exudate.  Inasmuch  as  the  local  destruction  of  the 
cellular  exudate  is  sufficient  to  armul  or  reduce  the  immunity,  it  is 
luilikely  that  it  is  of  the  nature  of  a  serum-carried  resistance,  for  the 
amount  of  x-rays  needed  for  this  purpose  is  so  small  and  its  area  of 
appHcation  so  limited  that  it  could  hardly  produce  a  general  effect. 
In  brief,  there  seems  to  be  no  other  explanation  for  the  results  recorded 
than  that  cells  of  the  lymphoid  type  are  capable  of  preventing  the 
growth  of  a  transplanted  cancer  when  present  locally  in  sufficient 


326  CANCER   GRAPTS.      IV 

numbers.  Hence,  we  conclude  that  these  cells  are  an  active  agent 
in  bringing  about  the  so  called  immunity  condition  to  transplanted 
cancer. 

SUMMARY. 

Mice  sensitized  b}'  an  injection  of  0.2  cc.  of  rat  blood  and  10  days 
later  inoculated  with  a  mixture  of  rat  blood  and  a  transplantable 
mouse  cancer  showed  a  high  degree  of  immunity  to  the  cancer  growth, 
while  mice  sensitized  in  the  same  manner  and  inoculated  with  cancer 
graft  with  no  rat  blood  showed  no  immunity.  Likewise,  non-sensi- 
tized mice  inoculated  with  a  mixture  of  rat  blood  and  cancer  cells 
showed  no  immunity. 

Mice  sensitized  to  rat  blood  and  then  given  a  series  of  doses  of 
x-rays  between  the  time  of  this  injection  and  the  inoculation  of  the 
cancer-rat  blood  mixture  showed  a  suppression  of  the  factors  affording 
protection  or  immunity,  since  the  cancers  grew  as  well  in  these  animals 
as  in  the  controls. 

INIice  were  sensitized  with  rat  blood  and  10  days  later  inoculated 
with  a  cancer-rat  blood  mixture.  20  hours  after  the  inoculation 
when  the  cellular  exudation  was  at  its  height,  the  cells  were  destroyed 
by  a  local  dose  of  x-rays.  The  degree  of  immunity  was  reduced  and 
the  cancers  grew  almost  as  well  as  in  the  controls. 

EXPLANATION  OF   PLATES. 
Plate  21. 

Fig.  1.  Subcutaneous  tissue  of  a  mouse  inoculated  with  rat  blood,  24  hours 
after  the  inoculation. 

Fig.  2.  Subcutaneous  tissue  of  a  mouse  inoculated  with  rat  blood,  24  hours 
after  a  second  inoculation  of  rat  blood. 

Plate  22. 

Fig.  3.  Subcutaneous  tissue  of  a  mouse  sensitized  to  rat  blood,  24  hours  after 
an  inoculation  with  rat  blood  mixed  with  mouse  tumor. 
Fig.  4.  The  same  as  Fig.  3,  but  in  higher  magnification. 

Plate  23. 

Fig.  S.  Subcutaneous  tissue  of  a  sensitized  mouse,  24  hours  after  an  inocula- 
tion of  a  cancer-rat  blood  mixture,  showing  an  extensive  cell  infiltration. 

Fig.  6.  Subcutaneous  tissue  of  a  mouse  which  was  sensitized  with  rat  blood, 
then  inoculated  with  a  mouse  cancer-rat  blood  mixture,  and  24  hours  later  given 
a  local  dose  of  x-rays.    The  tissue  was  removed  immediately  after  the  treatment. 
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Fig.  2. 

(Murphy,  Ilussey,  Sturm,  .intl  Nakahara:  Cancer  grafts.    IV.) 
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Fig.  4. 

(Murphy,  Hussey,  Sturm,  and  Nakahara:  Cancer  Rrafl-s.     IV.) 
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Fig.  6. 

(Murphy    Iliissey,  Slurm.  :\n<\  Nakaliara:  Cancer  grafts.    IV.) 


THE  LYMPHOCYTE  IN  NATURAL  AND  INDUCED  RESIS- 
TANCE TO  TRANSPLANTED  CANCER. 

VI.  Histological  Comparison  of  the  Lymphoid  Tissue  of 
Natltrally  Immxtne  and  Susceptible  Mice.* 

By  WARO  NAKAHARA,  Ph.D.,  and  JAMES  B.  MURPHY,  M.D. 
{From  the  Laboratories  oj  The  Rockefeller  Institute  for  Medical  Research.) 

Plates  24  to  26. 
(Received  for  publication,  October  22,  1920.) 

It  has  long  been  known  that  if  a  number  of  normal  white  mice  are 
inoculated  with  fragments  of  transplantable  mouse  cancer,  certain 
of  them  will,  as  a  rule,  prove  to  be  naturally  refractory.  The  striking 
histological  difference  in  the  reaction  about  cancer  grafts  in  naturally 
resistant  and  in  susceptible  animals  is  too  well  known  to  be  discussed. 
Murphy  and  Morton'  showed  that  this  resistant  state  is  accompanied 
by  a  marked  lymphoc5rtosis  in  the  blood,  absent  in  the  susceptible 
animals,  and  also  that  treatment  of  normal  animals  with  x-rays 
destructive  to  lymphocytes  removes  at  the  same  time  the  immunity 
otherwise  present.  Hence,  the  conclusion  is  drawn  that  the  lympho- 
cyte is  a  factor  in  the  state  of  natural  immunity. 

Histological  studies^"^  paralleling  our  observations  on  the  circu- 
lating lymphocytes''  *■ ''  indicate  that  the  lymphoid  tissue  is  the  basis 
of  the  immunity  to  transplanted  cancer  induced  by  intense  dry  heat, 

*  This  investigation  was  carried  out  by  means  of  funds  from  the  Rutherford 
Donation. 

'  Murphy,  Jas.  B.,  and  Morton,  J.  J.,  /.  Exp.  Med.,  1915,  xxii,  204. 

^  Nakahara,  W.,  J.  Exp.  Med.,  1919,  xxix,  17. 
•     '  Nakahara,  W.,  /.  Exp.  Med.,  1919,  .-ucix,  83. 

^  Nakahara,  W.,  and  Murphy,  Jas.  B.,  /.  Exp.  Med.,  1920,  x.xxi,  13. 

^  Murphy,  Jas.  B.,  and  Nakahara,  W.,  J.  Exp.  Med.,  1920,  xxxi,  1. 

'  Murphy,  Jas.  B.,  and  Sturm,  E.,  J.  Exp.  Med.,  1919,  xxix,  1. 

'Thomas,  M.  M.,  Taylor,  H.  D.,  and  Witherbee,  W.  D.,  /.  Exp.  Med.,  1919, 
xxix,  75. 
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and  of  that  induced  by  small  doses  of  low  penetrating  x-rays  and  by 
the  injection  of  homologous  living  cells.  Hence,  it  would  appear 
that  a  histological  comparison  of  lymphoid  organs  of  naturally  immune 
and  naturally  susceptible  mice  to  transplanted  cancer  might  give 
enlightening  results,  and  it  was  with  this  end  in  view  that  the  present 
study  was  undertaken. 

Material  and  Method. 

Preliminary  experiments  indicated  that  more  or  less  definite  histo- 
logical changes  take  place  in  lymphoid  organs,  especially  in  the  spleen, 
soon  after  cancer  inoculation.  These  changes  are  not  extensive,  but 
are,  nevertheless,  of  a  characteristic  nature;  hence  it  is  not  difficult 
to  determine  at  the  end  of  the  3rd  week  of  the  experiment  whether  a 
given  spleen  comes  from  an  inimune  or  a  susceptible  mouse.  There- 
fore, we  studied  the  lymphoid  organs  of  young  white  adult  mice 
inoculated  with  a  given  strain  of  tumor  (Bashford  Adenocarcinoma 
No.  63)  and  killed  3  weeks  later.  The  tissues  were  fixed  in  Carnoy's 
6-3-1  and  stained  with  eosin-methylene  blue,  Ehrlich's  hematoxylin 
and  eosin,  or  Heidenhain's  iron-hematoxj'lin.  The  material  con- 
sisted of  the  spleen  and  lymph  nodes  from  105  mice,  of  which  29 
cam.e  from  mice  immxme  to  the  inoculated  cancer,  and  the  remaining 
76  from  animals  with  tumors. 

OBSERVATIONS. 

The  results  of  histological  examination  of  the  hanphoid  organs  of 
the  naturally  immune  and  susceptible  mice  are  brought  out  in  Tables 
I  and  11.  It  will  be  noted  that  the  distinction  between  these  two 
groups  is  not  clear-cut,  but  that  a  complete  series  of  intergradations 
in  the  changes  exists.  However,  the  two  groups  differ  decidedly  in 
the  general  tendency  of  the  changes,  as  is  brought  out  in  Table  III. 
Descriptions  of  the  nature  of  the  typical  changes  in  lymphoid  organs 
of  immune,  as  contrasted  with  those  of  susceptible  mice,  are  given 
below. 
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Spleen. 

Immune  Mice. — The  general  histological  appearance  of  a  typically 
immune  spleen  is  quite  characteristic  (Fig.  1).  The  Malpighian 
bodies  are  enlarged  and  show  practically  no  pycnotic  cells.  Phago- 
cytic cells  containing  cell  fragments  found  in  the  germ  centers  are 
few,  while  mitotic  figures  present  in  these  areas  are  striking  in  number 
(Fig.  2).  The  superabundance  of  mitotic  figures  may  be  taken  to 
indicate  a  hyperactivity  in  tissue  proliferation.  In  typical  examples 
the  splenic  pulp  contains  a  large  quantity  of  lymphoid  tissue  which  is 
especially  abundant  around  the  vessels.  The  l}'mphoid  tissue  in  the 
pulp  contains  a  considerable  number  of  mitotic  figures,  which  occur 
only  sparingly  in  normal  splenic  pulp.  Comparatively  few  degen- 
erating cells  with  pycnotic  or  fragmental  nuclei  are  found.  The 
pulp  space  contains  a  very  small  amount  of  blood,  and  the  deposits 
of  pigment  are  inconspicuous. 

Susceptible  Mice. — The  spleen  of  a  typically  susceptible  animal 
presents  a  difierent  histological  picture  (Fig.  3).  The  Malpighian 
bodies  are  small  and  contain  very  few  mitotic  figures,  while  the 
phagocytic  cells  with  ingested  cell  fragments  are  abundant.  A  few 
necrotic  cells  may  be  found  in  the  peripheral  portion  of  the  Malpighian 
body.  The  lymphoid  tissue  of  the  splenic  pulp  is  very  small  in 
amount,  and  certain  vessels  may  be  entirely  devoid  of  this  type  of 
tissue.  Some  of  the  small  perivascular  accumulations  of  lynaphoid 
cells  are  partly  pycnotic.  The  deposits  of  pigment  are  pronounced 
(Fig.  4),  and  there  is  a  large  quantity  of  the  blood  which  fills  up  the 
spaces  unoccupied  by  lymphoid  tissue. 

Lymph  Nodes. 

Immune  Mice. — Mesenteric,  inguinal,  and  often  also  cervical  and 
axillary  lymph  nodes  were  studied.  The  changes  in  these  nodes  are 
entirely  parallel  to  those  found  in  the  spleen,  although  they  are  not 
so  striking.  In  typical  examples  of  immune  mice  the  lymphoid  tissue, 
in  the  cortex  as  well  as  in  the  medulla,  contains  many  mitotic  figures, 
while  there  are  scarcely  any  necrotic  cells.  The  pulp  spaces  are 
clouded  by  a  large  number  of  lymphocytes  (Fig.  5) ,  while  other  types 
of  cells,  such  as  those  of  the  endothelial  group,  are  not  much  in 
evidence. 
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Stisceptibk  Mice. — Compared  to  the  condition  of  lymph  nodes  in 
immune  animals,  the  lymphoid  tissue  in  various  nodes  in  typically 
susceptible  animals  shows  a  striking  inhibition  of  proliferative  activity. 
This  may  be  judged  from  the  scarcity  of  mitotic  figures  in  the  tissue. 
Some  of  the  cells  in  the  h-mph  cords  are  necrotic.  Only  a  few  lym- 
phocytes are  found  in  the  pulp  spaces,  the  latter  being  occupied  to  a 
great  extent  by  proliferating  endothelial  cells  (Fig.  6). 

In  addition  to  the  more  typical  changes  already  described,  it  was 
noted  in  several  instances  that  plasma  cells  appeared  in  large  number 
in  the  hinph  cords.  In  fact,  in  such  cases,  portions  of  the  cords 
were  almost  entirely  made  up  of  these  cells.  This  change,  however, 
did  not  appear  to  be  related  to  the  immunity  or  susceptibility  of 
the  animals,  as  it  occurred  irregularly.  It  may  also  be  mentioned 
that  a  few  susceptible  animals  showed  a  considerable  nimiber  of 
pohTnorphonuclear  leucoc}les  in  the  Ijrmph  cords  and  even  in  the 
cortex,  and  mast  cells  in  the  peripheral  sinuses. 

The  descriptions  above  refer  to  the  extreme  types.  As  might  be 
expected,  almost  everj^  gradation  is  encountered  between  the  extremes, 
for  it  is  well  known  that  various  degrees  of  immunity  exist.  In  the 
highly  resistant  animals  the  tumor  grafts  are  quickly  destroyed, 
while  in  others  only  after  a  period  of  growth  is  the  cancer  overcome. 
The  highly  susceptible  aninials  offer  little  or  no  inhibitor}^  effect,  and 
the  grafted  tumor  grows  at  a  rate  hmited  only  by  its  growth  energy- 
and  the  ability  of  the  host  to  supply  stroma,  while  the  less  susceptible 
animals  show  evidences  of  a  definite  retarding  effect  on  the  rate  of 
growth  of  the  graft. 

In  order  to  show  the  degrees  and  variations  in  the  points  of  differ- 
ence between  the  histological  appearance  of  the  IjTnphoid  tissue  of 
the  susceptible  and  the  resistant  animals,  we  have  presented  in 
Tables  I  and  II  the  results  of  the  study  of  the  individual  mice.  For 
the  spleen  we  have  included  the  following  points:  (a)  the  relative  size 
of  the  nodules,  (&)  the  amount  of  h-mphoid  tissue  in  the  pulp,  (c) 
the  number  of  mitotic  figures  present,  {d)  the  amount  of  necrosis  of 
the  cells,  and  (e)  the  amoimt  of  blood  and  pigment  present.  For 
the  l>Tnph  nodes  we  have  indicated  (a)  the  number  of  mitotic  figures, 
{h)  the  degree  of  necrosis,  and  (c)  the  number  of  I\Tnphocytes  and 
endothelial  cells  present  in  the  pulp.     The  material  from  the  indi- 
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vidual  animals  was  studied  and  the  records  were  made  without  any 
knowledge  of  whether  the  tissues  came  from  a  susceptible  or  immune 
mouse. 
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TABLE  in. 

Percentage  of  Immune  Mice  and  Susceptible  Mice. 
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In  Table  III  a  summary  is  given  of  the  percentage  of  the  animals 
in  the  susceptible  and  resistant  groups  showing  the  various  histological 
changes  indicated  above. 

DISCUSSION. 

The  point  to  be  emphasized  in  the  present  study  is  the  difference 
in  the  nature  of  the  changes  in  the  lymphoid  organs  of  immune  and 
of  susceptible  mice.  In  immune  mice  there  are  more  or  less  marked 
indications  of  lymphoid  hyperplasia,  whereas  a  lymphoid  depletion 
in  varying  degree  tends  to  arise  in  susceptible  mice.  The  fonner 
condition  resembles  greatly  the  histological'  picture  which  has  been 
described  in  animals  in  which  artificial  lymphoid  stimulation  has  been 
rendered.-"^  The  extreme  cases  of  the  latter  or  susceptible  type 
conform  in  general  nature  with  the  condition  induced  by  a  large  dose 
of  x-rays,'  although  the  cellular  destruction  is  far  less  extensive.  The 
effect  is  more  like  that  seen  after  a  long  exposure  to  x-rays  of  low 
penetration.''  These  findings  are  in  entire  agreement  with  the  results 
of  previous  experiments  in  which  the  importance  of  the  part  played 
by  lymphocytes  in  artificial  resistance  to  transplanted  cancer  in  mice 
was  pointed  out.*  They  harmonize  also  with  the  observations  of 
Mottram  and  Russ'  who  have  shown  that  the  spleens  of  rats  resistant 
to  the  Jensen  rat  sarcoma  tend  to  sho\t  higher  lymphocytic  content 
than  the  spleens  of  normal  animals. 

SUMMARY. 

The  lymphoid  organs  of  mice  show  definite  changes  after  cancer 
inoculation.  In  immune  mice  there  is  a  tendency  towards  a  lymphoid 
hyperplasia,  while  in  susceptible  mice  more  or  less  marked  depletion 
of  the  lymphoid  tissue  takes  place.  These  changes  are  evident  at 
the  end  of  the  3rd  week  after  cancer  inoculation. 

'  Heineke,  H.,  Mill.  Grenzgeb.  Med.  u.  Chir.,  1904-05,  xiv,  21. 

'  Mottram,  J.  C,  and  Russ,  S.,  Proc.  Roy.  Soc.  London,  Series  B,  1917-18,  xc,  1. 
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EXPLANATION  OF  PLATES. 
Plate  24. 

Fig.  1.  General  histological  appearance  of  the  spleen  of  a  mouse  naturally 
immune  to  transplanted  tumor.     A  low  power  view. 

Fig.  2.  Germ  center  of  the  .spleen  of  an  immune  mouse,  showing  numerous 
mitotic  figures  (M). 

Plate  25. 

Fig.  3.  General  histological  appearance  of  the  spleen  of  a  mouse  susceptible 
to  transplanted  tumor.    A  low  power  view. 

Fig.  4.  Deposits  of  pigment  in  the  spleen  of  a  susceptible  mouse. 

Plate  26. 

Fig.  5.  Lymph  node  of  a  naturally  immune  mouse,  showing  abundant  lympho- 
cytes in  the  pulp  spaces  and  a  few  mitotic  figures  in  the  Ij'mph  cords  (M). 

Fig.  6.  Lymph  node  of  a  susceptible  mouse,  showing  the  proliferation  of  endo- 
thelial cells  in  the  pulp  spaces  and  p\cnotic  cells  in  the  lymph  cords. 
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Fig.  2. 

(Nakahara  and  Murphy:  Resistance  to  transplanted  cancer.    VI.) 


THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL    XXXIII 


PLATE  25. 


iJ(- 


■^.'■ 


.,./,.., 


-•    -  •JiiiS^"'^     •■'#^jl;    .J^-"'    "     ''-'•   ■ 


Wi 


Fig.  4. 

(Nakahara  and  Murphy:  Resistance  to  transplanted  cancer.    VI.) 
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(Nakiiluira  and  Murphy:  Resistance  to  transplanted  cancer.    VI.) 


GENERAL  LEUCOCYTIC  RESPONSE  OF  THE  GUINEA  PIG 

DURING  THE  REACTION  OF  ARTIFICIAL  IMMUNITY 

IN  EXPERIMENTAL  TUBERCULOUS  INFECTION. 

Bv  RAYMOND   G.  HUSSEY,  M.D. 

{From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  November  8,  1920.) 

Since  the  early  studies  on  immunity  reactions  it  has  been  known 
that  a  detinite  response  of  the  circulating  leucocytes  is  associated  with 
the  process  of  active  immunity.  The  studies  of  Zinsser  and  Tsen,' 
which  elaborate  Bordet's  original  observation,  furnish  experimental 
evidence  of  the  fact.  In  clinical  medicine,  also,  it  is  known  that  a 
general  leucocytic  response  accompanies  the  reaction  of  the  body  to 
bacterial  infection.  This  response  is  characterized  by  quantitative 
changes  in  the  actual  number  of  circulating  leucocytes,  or  in  the 
relative  proportion  of  the  various  types  of  cells,  or  in  both. 

Despite  the  fact  that  these  observations  are  of  long  standing  and 
are  generally  accepted,  little  is  known  of  the  actual  significance  of 
such  changes.  It  may  be  stated,  however,  that  for  many  infections 
the  nature  of  this  phenomenon  is  taken  to  indicate  the  degree  of 
resistance  possessed  by  a  given  individual.  On  the  other  hand,  there 
are  some  bacterial  infections  about  which  there  is  controversy  as  to 
whether  there  is  a  characteristic  leucocytic  response.  Hence,  there 
is  doubt  whether  observations  of  this  phase  of  the  blood  picture  are 
of  value  in  the  experimental  or  clinical  study  of  such  infections. 
Among  these,  active  tuberculous  infections  are  prominent.  The 
studies  of  Murphy  and  his  coworkers*  in  this  laboratory,  and  those  of 
Webb,  Williams,  and  Basinger,^  present  evidence  to  show  that  the 

^  Zinsser,  H.,  and  Tsen,  E.,  /.  Immunol.,  1917,  ii,  247. 

2  Murphy,  Jas.  B.,  and  Ellis,  A.  W.  M.,  J.  Exp.  Med.,  1914,  xx,  397.  Taylor, 
H.  D.,  and  Murphy,  Jas.  B.,  J.Exp.  Med.,  1917,  xxv,  609.  Murphy,  Jas.  B.,  and 
Sturm,  E.,  /.  Exp.  Med.,  1919,  xxix,  35. 

^  Webb,  G.  B.,  Williams,  W.  W.,  and  Basinger,  A.  F.,  Tr.  Nat.  Tuberc.  Assn., 
1910  vi,  279. 
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resistance  of  animals  to  experimental  tuberculous  infection  is  enhanced 
when  artificial  lymphocytosis  is  induced  before  and  after  the  inocu- 
lation of  virulent  tubercle  bacilli.  These  studies  support  the  obser- 
vation of  several  clinicians^  who  have  noted  in  human  tuberculous 
disease  that  the  circulating  lymphocytes  vary  directly  with  the  degree 
of  resistance  to  the  disease  manifested  by  a  given  individual. 

In  previous  communications  from  this  laboratory,  evidence  is 
presented  to  show  that  lymphocytosis  may  be  dependent  upon  the 
activity  of  germ  centers  in  lymphoid  tissue,^  and  in  this  sense 
lymphoid  activity  may  be  used  as  a  corollary  to  lymphocytosis.  On 
account  of  the  interest  and  importance  of  these  experimental  and 
clinical  observations  and  because  the  idea  suggested  by  them  is  not 
generally  accepted,  it  has  seemed  worth  while  to  submit  the  subject 
to  further  experiment.  We  have  accordingly  made  observations  on 
the  circulating  leucocytes  of  guinea  pigs  in  which  resistance  to  virulent 
tubercle  bacilli  was  raised  by  a  pre\'ious  inoculation  of  relatively  non- 
virulent  tubercle  bacilli.  We  assume  that  animals  so  treated  are 
possessed  of  as  great  a  potential  resistance  to  progressive  tuberculous 
infection  as  is  possible  to  obtain  at  present. 

Method. 

The  method  of  protecting  the  animals  against  virulent  tuberculous 
infection  is  that  first  carried  out  by  Trudeau^  and  subsequently 
elaborated  by  Baldwin,  Krause,  and  others.  A  preliminar}'  inocu- 
lation of  non-\'irulent  tubercle  bacilli,  Saranac  Strain  Rl,  is  followed, 
after  a  proper  interval  of  time,  by  an  inoculation  of  virulent  tubercle 
bacilli,  Saranac  Strain  H37.^  As  controls  some  animals  were  inocu- 
lated with  Strain  Rl  or  H37  alone.  Guinea  pigs  were  used  throughout 
the  observations. 

^Ullom,  J.  T.,  and  Craig,  F.  S.,  Am.  J.  Med.  Sc,  1905,  cxxx,  389.  Webb, 
G.  B.,  and  Williams,  W.  W.,  Tr.  Nat.  Tuberc.  Assn..  1909,  v,  231.  Wright,  B.  L., 
and  King,  R.  W.,  Am.  J.  Med.  Sc,  1911,  cxli,  852.  Solis-Cohen,  M.,  and  Strick- 
ler.  A.,  Am.  J.  Med.  Sc,  1911,  cxlii,  691.  Gutstein,  M.,  Z.  Tuberk.,  1916,  .xxvi, 
336. 

^  Nakahara,  W.,  and  Murphy,  Jas.  B.,  Anat.  Rec,  1921  (in  press). 

«  Trudeau,  E.  L.,  Tr.  Assn.  Am.  Phys.,  1903,  xviii,  97. 

'  Acknowledgment  is  made  of  our  appreciation  to  the  workers  at  the  labora- 
tories of  the  Trudeau  Foundation  and  Sanatorfum  for  furnishing  the  cultures  of 
Strains  Rl  and  H37. 
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Absolute  and  differential  leucocyte  counts  were  made  twice  weekly 
on  a  number  of  nonnal  guinea  pigs  over  a  period  of  a  month.  These 
blood  specimens,  as  well  as  all  others  to  be  referred  to,  were  obtained 
from  a  vessel  of  the  ear.  For  the  absolute  counts  the  blood  was 
diluted  as  usual  with  3  per  cent  acetic  acid  in  a  diluting  pipette  and 
then  shaken.  1  drop  of  the  diluted  blood  was  placed  on  the  disk  of 
a  Ttirck  hemocytometer,  covered,  and  allowed  to  stand  long  enough 
for  the  cells  to  settle.  Eight  squares  were  always  counted,  and 
when  the  deviation  of  any  given  square  was  ten  greater  or  less  than 
the  least  number  of  cells  obtained  for  any  square,  another 
drop  was  coimted.  The  diluting  pipettes  were  roughly  calibrated 
before  beginning  the  observations  by  making  comparative  counts. 
The  same  pipette  was  used  for  a  given  animal  for  each  successive 
observation.  For  the  differential  counts  blood  films  were  prepared 
on  cover-slips,  then  stained  with  Wright's  stain.  300  cells  were 
counted  and  the  percentage  of  each  type  determined  from  this  number 
was  applied  to  the  absolute  count  to  estimate  the  absolute  differential 
count. 

During  the  period  of  preliminary  observation  any  animal  showing 
an  erratic  tendency  in  the  leucocyte  coilnt  was  discarded.  The 
general  living  conditions  were  the  same  for  all  animals.  Therefore, 
when  the  experiment  was  begun,  conditions  were  standardized  as 
far  as  controllable  variables  permit,  and  were  maintained  throughout 
the  observations. 

A  nmnber  of  animals  were  inoculated  subcutaneously  into  the 
left  groin  with  0.2  cc.  of  a  suspension  of  Strain  Rl  tubercle  bacilli 
prepared  so  that  a  stained  film  preparation  showed  not  more  than  ten 
individual  bacilli  to  a  microscopic  field.  Blood  counts  were  con- 
tinued in  the  manner  previously  described.  After  about  3  weeks 
these  animals  were  inoculated  with  0.1  cc.  of  a  suspension  of  the 
virulent  strain.  No.  H37,  and  blood  counts  were  continued.  This 
suspension  was  standardized  in  the  same  way  as  the  Rl  suspension, 
except  that  the  number  of  bacilli  wa-s  not  more  than  two  to  a 
microscopic  field. 
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OBSERVATIONS. 

For  normal  guinea  pigs  weighing  between  200  and  250  gm.  the 
average  absolute  count  was  5,247  leucocytes  per  cc.  of  blood.  Differ- 
ential counts  showed  52.1  per  cent,  or_  2,734  of  these  cells,  to  be 
lymphocytes  and  43.1  per  cent,  or^2,261,  to  be  amphophils  (polymor- 
phonuclear cells). 

Following  the  inoculation  of  Strain  Rl  the  reaction  was  char- 
acterized by  a  gradual  but  definite  increase  in  the  total  leucocyte 
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Absolute  count. 

Ljonphocytes. 

- Polymorphonuclears. 

Text-Fig.  1.  Composite  absolute  and  differential  white  cell  counts  of  all  test 
animals  plotted  at  intervals  of  1  week  following  inoculation  and  reinoculation. 

Text-Fig.  2.  The  percentage  variation  of  white  cells  following  inoculation  and 
reinoculation.  The  standard  average^of  2,734  l\-mphocytes  and  2,261  polymor- 
phonuclears is  indicated  as  zero. 
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counts  (Text-figs.  1  and  2).  At  the  end  of  3  weeks,  just  before  the 
inoculation  of  Strain  H37,  this  increase  was  80.5  per  cent,  representing 
an  increase  in  lymphocytes  to  60.5  per  cent,  while  the  polymorpho- 
nuclear cells,  though  increased  absolutely,  constituted  34.6  per  cent 
of  the  white  cells,  a  relative  decrease  of  8.5  per  cent. 

The  reaction  of  the  protected  guinea  pigs  to  the  virulent  strain,  No. 
H37,  was  characterized  first  by  a  slight  fall  in  the  lymphocytes  and  an 
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Text-Figs.  3  and  4.  Absolute  and  differential  white  cell  counts  of  two  indi- 
viduals used  in  the  experiment,  plotted  at  weekly  intervals  before  and  after 
inoculation  and  rcinoculation. 
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increase  in  the  polymorphonuclear  cells.  This  was  observed  through- 
out the  1st  week,  during  which  time  the  animals  were  obviously  quite 
sick.  Then  there  followed  an  exaggerated  increase  in  the  total 
leucocyte  count,  which  reached  a  peak  during  the  3rd  week,  at  which 
time  the  total  percentage  increase  of  white  cells  amounted  to  198.5. 
During  this  period  the  lymphocytes  increased  to  a  point  306  per  cent 
above  their  number  at  the  beginning  of  the  experiment,  while  the 
polymorphonuclear  cells  were  9.2  per  cent  below  their  normal  relative 
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.\bsolute  count. 

L>Tnphocytes. 

Polymorphonuclears. 

Text-Fig.  5.  Composite  absolute  and  differential  white  cell  counts  of  indi- 
viduals plotted  at  weekly  intervals  following  an  inoculation  of  a  heavy  suspen- 
sion of  virulent  tubercle  bacilli. 

Text-Fig.  6.  The  percentage  variation  of  white  cells  in  the  counts  plotted  in 
Text-fig.  5. 
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average,  though  numerically  they  showed  some  increase.  After  the 
peak  of  the  curve  was  reached,  there  was  a  decided  drop  in  the  absolute 
number  of  white  cells,  ■  particularly  affecting  the  lymphoid  cells. 
Text-figs.  3  and  4  show  typical  curves  of  individual  animals  used  in 
the  experiment.  In  Text-fig.  4  it  will  be  noted  that  the  normal  count 
shows  the  polymorphonuclear  cells  to  be  greater  in  number  than  the 
lymphocytes,  an  exception  occasionally  observed. 

Blood  counts  on  the  control  guinea  pigs  inoculated  with  virulent 
tubercle  bacilli  alone  showed  a  definite  increase  in  the  circulating 
leucocytes.  The  relation  between  the  increase  of  polymorphonuclear 
and  lymphoid  elements  was  erratic.  Immediately  following  inocu- 
lation botli  types  of  cells  mcreased  in  about  the  same  numerical 
proportion.  During  the  2nd  and  3rd  weeks  the  lymphocytes  showed 
a  greater  increase;  after  this  time  there  was  a  progressive  decrease  in 
lymphocytes  with  a  corresponding  increase  in  polymorphonuclear 
cells. 

Ten  guinea  pigs  were  inoculated  with  a  much  heavier  suspension 
of  Strain  H37.  The  counts  on  these  animals  are  shown  in  Text-figs. 
5  and  6.  They  demonstrate  a  distinct  difference  in  the  reaction  to 
more  massive  inoculation  of  virulent  tubercle  bacilli  in  contrast  to 
the  response  to  the  smaller  dose. 

DISCUSSION. 

In  the  observations  recorded  it  is  to  be  noted  that  evidence  of 
lymphoid  activity  varies  directly  with  the  resistance  to  progressive 
tuberculous  infection  shown  by  the  animals  used.  Such  facts  support 
the  views  previously  quoted  regarding  this  parallelism.  It  seems 
apparent,  however,  that  one  is  not  justified  in  attempting  an  expla- 
nation of  this  parallelism  since  little  information  is  available  concern- 
ing the  fimction  of  lymphocytes. 

The  general  idea  of  some  such  relation  is  not  new,  since  as  early  as  1883  Arloing' 
developed  the  notion  during  an  attempt  to  bring  experimental  evidence  to  bear 
on  the  controversy  of  that  time  between  chnicians  and  pathologists  concerning 
the  tuberculous  nature  of  scrofula.  This  investigator  and  others  who  followed 
his  lead  believed  that  lymphoid  cells  possessed  some  specific  property  which  was 

'  Arloing,  S.,  Legons  sur  la  tuberculose,  Paris,  1892. 
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active  in  the  defensive  mechanism  against  tubercle  bacilli.  These  opinions  were 
based  largely  upon  observations  made  on  the  differences  in  the  reaction  of  rabbits 
following  the  inoculation  of  material  from  tuberculous  lymphadenitis  as  compared' 
to  that  from  other  tuberculous  tissues.  Most  of  this  work  was  done  before  it 
was  known  that  there  are  bovine  and  human  strains  of  tubercle  bacilli,  which' 
probably  accounted  for  the  observations  recorded.  Renewed  interest  came  later 
through  the  work  of  Bartel  and  coworkers  who  claimed  that,  while  working  on 
experimental  tuberculous  infection  in  guinea  pigs  induced  by  feeding  tubercle 
bacilli,  they  observed  in  lymph  nodes  in  which  tubercle  bacilli  had  lodged,  with- 
out further  evidence  of  invasion,  a  reaction  characterized  by  a  striking  lymphoid 
hyperplasia."  Because  of  the  absence  of  both  the  characteristic  mononuclear 
phagocyte  and  the  giant  cell,  they  concluded  that  lymphocytes  alone  were  capable 
of  destroying  tubercle  bacilli.  Further  experiments  failed  to  confirm  their  views. 
It  has  been  thought  that  a  specific  substance  might  be  isolated  from  lymphoid 
tissue  and  used  for  artificial  immunization,  but  the  failure  of  experiment  to  sup- 
port any  of  these  ideas  has  led  to  hesitancy  in  the  acceptance  of  any  lead  in  the 
study  of  resistance  to  tuberculous  infection  which  concerns  lymphoid  activity.'" 
However,  we  regard  the  fundamental  idea  in  the  studies  initiated  in  this  labora- 
tory concerning  lymphoid  activity  in  tuberculous  infection^  as  totally  different 
from  any  of  those  just  mentioned.  The  facts  brought  out  in  these  observations 
seem  significant,  and  we  believe  that  they  emphasize  a  probable  relation  between 
IjTnphoid  activity  and  resistance  to  experimental  tuberculous  infection  which 
deserves  consideration  in  the  study  of  the  factors  of  resistance  to  active  tubercu- 
lous infection  in  man. 

It  may  be  said  that  several  investigators  have  recorded  data  which 
shovif  that  the  nature  of  the  leucocytic  reaction  of  individuals  ill 
with  tuberculous  infection  in  its  various  forms  is  analogous  to  that 
recorded  in  this  paper.  For  example,  in  generalized  miliary  tuber- 
culosis and  in  tuberculous  meningitis,  in  which  resistance  is  lowest, 
since  recovery  is  always  improbable,  there  is  a  notable  deficiency  in 
lymphoid  activity  as  determined  by  estimations  of  circulating  lym- 
phocytes. In  progressive  pulmonary  tuberculosis  this  is  also  the 
case;  on  the  other  hand,  in  individuals  showing  an  abiUty  to  control 
the  disease,  there  is  an  increase  in  the  circulating  lymphocytes. 
Although  there  is  no  general  agreement  among  various  workers  that 
these  statements  are  correct,  the  disagreement  is  no  more  extensive 
than  that  concerning  the  leucocytic  reaction  in  many  other  infections. 

"  Bartel,  J.,  and  Neumann,  W.,  Centr.  BakL,  Ite  Abl.,  Orig.,  1905-06,  xl,  518. 
1°  Krause,  A.  K.,  Avi.  Rev.  Tuberc,  1917-18,  i,  717. 
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In  this  connection  it  seems  of  interest  to  direct  attention  to  certain 
probable  reasons  for  the  differences  in  opinion;  namely,  confusion 
arising  from  observations  made  during  different  phases  of  a  given 
illness  associated  with  a  particular  infection,  e.g.  the  period  of  t^-pical 
manifestations  of  the  infection,  that  of  complications,  and  that  of 
convalescence;  conclusions  drawn  from  data  which  include  too  few 
observations  on  different  individuals;  or  lack  of  uniformity  in  the 
method  of  interpretation.  These  points  are  illustrated  in  the  state- 
ment found  in  most  text-books  concerning  the  leucocytic  reaction 
in  general  miliary  tuberculosis,  typhoid  fever,  and  influenza.  It  is 
usually  asserted  that  the  leucocytic  picture  in  the  three  infections 
is  similar.  However,  careful  analysis  of  reports  on  studies  of  these 
infections  leads  to  quite  a  different  conclusion.  A  summary  of  the 
tables  in  Warthin's  paper"  on  general  miliary  tuberculosis  and 
Thayer's  paper'^  on  studies  on  typhoid  fever  is  as  follows : 

General  Miliary  Tuberculosis. 
Absolute  count 4,128        Decrease 2,872  (41.03  per  cent 

Polymorphonuclears 3,777        Relative  increase 20.5     "      " 

(91.5  per  cent)        Absolute  decrease .   1,123(22.39   "      " 


342        Relative        " 

16.7     " 

(8.3  per  cent)        Absolute        " 

..1,408  (30.45    " 

Typhoid  Fever. 

Absolute  count 5,386        Decrease 1,614  (23.05  per  cent 

Polymorphonuclears 3,323        Relative  decrease 8.3     "      " 

(61.7  per  cent)        Absolute       "       ..1,577  (32.18    "      " 

Mononuclears 2,028        Relative  increase 12.06    "     " 

(37.6  per  cent)         Absolute        "       ....278(15.89    "     " 

The  percentage  estimations  noted  are  made  on  the  basis  of  a  standard  of  7,000 
leucocytes  per  c.  mm.  of  blood,  with  the  percentage  relation  of  polymorphonuclear 
cells  and  lymphocytes  70  and  25  respectively. 

"  Warthin,  A.  S.,  Med.  News,  1896,  Lwiii,  89. 

'2  Thayer,  W.  S.,  Johns  Hopkins  Hosp.  Rep.,  1900,  viii,  489. 
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Further,  the  recent  widespread  epidemic  of  influenza  has  furnished 
an  opportunity  to  gain  much  new  information  concerning  the  leu- 
cocyte picture  found  in  that  infection.  Practically  all  observers 
affirm  a  leucopenia  as  characteristic,  but  there  is  difference  of  opinion 
regarding  the  relative  proportion  of  the  various  cells.  Some  observers 
have  noted  the  mononuclear  elements  to  be  especially  affected," 
while  others  pay  particular  attention  to  polymorphonuclear  ele- 
ments." The  reports  which  point  to  the  mononuclear  elements  are 
based  on  observations  made  during  the  first  5  days  of  illness,  while 
those  which  point  to  the  polymorphonuclear  cells  are  concerned  with 
a  later  period  of  the  illness.  In  view  of  the  now  generally  recognized 
fact  that  true  influenza  is  of  only  short  duration  (1  to  5  days)  and  that 
one  deals  principally  with  complications  in  an  illness  which  continues 
beyond  that  period,  it  is  suggested  that  the  observations  made  during 
the  early  period  should  be  of  greater  significance.  The  report  of 
Olitsky  and  Gates'^  on  experimental  influenza  lends  support  to  this 
view.  While  it  is  true  that  aU  three  infections  manifest  a  leucopenia, 
there  are  striking  diflferences  demonstrated  in  the  degree  and  char- 
acter of  leucocyte  changes. 

As  further  emphasis  to  the  suggestion  that  more  consideration 
should  be  given  to  the  possible  value  of  lymphocytes  in  the  defensive 
mechanism  against  tubercle  bacilli,  attention  is  called  to  the  constant 
presence  of  these  cells  in  the  local  reaction  product  resulting  from 
tissue  injury  by  tubercle  bacilli.  Among  the  numerous  investigators 
who  have  studied  the  histogenesis  of  the  tubercle,  there  has  been  a 
tendency  by  the  followers  of  Baumgarten  to  disregard  the  lymphocytes 
entirely,  while  those  following  Metschnikoff  have  regarded  them  as 
progenitors  of  the  characteristic  mononuclear  phagocytes  found  in 
the  lesions.  It  must  be  stated,  however,  that  all  these  workers  have 
concerned  themselves  principally  with  the  controversy  as  to  whether 
fixed  or  wandering  cells  enter  chiefly  into  the  reaction. 

More  recently,  however,  Wallgren,i^  in  a  study  on  experimental 
tuberculosis  of  the  liver  in  rabbits,  emphasized  the  part  played  by 

1'  Alder,  A.,  Folia  hantatoL,  1919-20,  xxv,  16. 
'^  Berger,  W.,  Bcilr.  Klin.  Infeclionskrankh.,  1919-20,  viii,  303. 
'5  Olitsky,  P.,  and  Gates,  F.  L.,  J.  Exp.  Med.,  1921,  xxxiii,  125. 
"^  Wallgren,  A.,  Arb.  paih.  Inst.  Helsingfors,  1911,  iii,  139. 
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lymphocytes  in  the  reaction  of  the  tissues  of  this  organ  to  tubercle 
bacilli,  while  von  Fieandt,''  in  a  similar  study  on  the  meninges,  found 
little  evidence  of  participation  by  lymphocytes  in  the  process.  These 
observations  are  of  interest  in  connection  with  the  established  fact 
that  different  tissues  of  a  host  vary  in  their  resistance  to  parasitic 
invasion.  Soper"  has  demonstrated  in  the  liver  of  the  rabbit  a 
relatively  high  degree  of  natural  resistance  to  tubercle  bacilli,  and  it 
is  well  known  that  the  meninges  are  very  susceptible  to  these  parasites. 
Whether  or  not  the  success  of  such  a  local  resistance  may  be  related 
to  a  combined  activity  of  the  two  types  of  mononuclear  cells  found 
in  the  product  of  reaction  can  only  be  conjectured  at  this  time. 
Further  elaboration  of  this  point  must  be  delayed  until  methods  of 
experiment  are  available  which  will  permit  its  investigation.  In 
the  meantime  it  would  seem  more  plausible  to  assume  that  the  pres- 
ence of  lymphocytes  in  these  reactions  is  a  purposeful  phenomenon, 
as  is  believed  for  other  types  of  cells  in  various  reaction  products 
following  tissue  injuries.  Particularly  is  this  true  in  the  light  of 
available  information  regarding  the  factors  concerned  in  the  mechan- 
ism of  immunity  in  tuberculous  infection.  There  is  almost  unity  of 
opinion  that  as  far  as  cellular  and  humoral  elements  are  concerned,  the 
former  are  conspicuous  while  the  latter  are  relatively  inconspicuous. 

SUMMARY. 

Guinea  pigs  have  been  rendered  relatively  immune  against  infection 
with  virulent  tubercle  bacilli  by  preliminary  inoculation  with  a 
suitable  quantity  of  avirulent  tubercle  bacilli.  Blood  counts  on  these 
animals  show  that  associated  with  the  immUne  reaction  there  is  a 
definite  general  leucocytic  response  characterized  by  an  absolute 
increase  in  the  total  count,  with  an  absolute  and  relative  increase  in 
the  lymphocytes.  The  period  of  greatest  activity  coincides  with  that 
known  to  be  the  period  of  greatest  reaction,  based  on  anatomical 
evidence  during  the  course  of  infection  following  this  method  of 
immunization.  Moreover,  blood  counts  made  on  animals  inoculated 
with  avirulent  tubercle  bacilli  alone  show  an  increase  in  the  circulating 

*' von  Fieandt,  H.,  Arb.  path.  Inst.  Helsingfors,  1911,  iii,  235. 
I'Soper,  W.  B.,  Am.  Rev.  Tuberc,  1917-18,  i,  385. 
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lymphocytes  during  the  period  of  greatest  reaction  to  the  infection, 
while  blood  counts  on  guinea  pigs  inoculated  with  virulent  bacilli 
alone  show  an  erratic  course  in  which  the  polymorphonuclear  forms 
are  much  increased,  though  not  regularly  so. 

These  results  indicate  a  parallelism  between  lymphoid  activity  and 
resistance  of  the  animals  to  tuberculous  infection,  and  suggest  an 
association  of  lymphocytes  with  the  factors  determining  this  resis- 
tance, a  relation  which  warrants  consideration  of  the  blood  picture  in 
the  clinical  study  of  tuberculous  infection. 
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INTRODUCTION. 

In  work  with  cultures  from  normal  and  pathological  human  lymph 
nodes  cultivated  either  in  plasma  from  the  individual  from  which  the 
node  was  taken  at  operation  (autogenous  plasma,  or  autoplasma)  or 
in  that  of  another  indi\idual  (homogenous  plasma,  or  homoplasma), 
giant  cells  resembling  markedly  the  giant  cells  in  tuberculous  lymph 
nodes  have  been  found.  The  explants  were  from  nodes  obtained  at 
operations  at  the  Johns  Hopkins  Hospital,  the  cultures  being  made 
in  the  usual  manner. 

Several  types  of  cells  migrated  out  from  the  explants  into  the 
plasma  clot  or  onto  the  cover-glass;  namely,  lymphocytes,  small 
wandering  cells,  large  wandering  cells,  giant  cells,  spindle  and  tri- 
angiilar  cells,  and  occasionally  large  lymphocytes,  polymorphonuclear 
leucocytes,  and  eosinophils.  An  account  of  the  migration  of  the 
lymphocytes  from  this  series  of  cultures  has  recently  appeared.' 
The  giant  cells  are  described  in  the  present  paper.  They  seemed  to 
be  formed,  for  the  most  part,  within  the  explant  and  to  migrate  out 
after  their  formation.  They  probably  either  arose  from  or  had  the 
same  origin  as  the  large  wandering  cells  which  appeared  in  great 
numbers  in  practically  every  culture.  The  giant  cells  and  large 
wandering  cells  were  identical  in  structure  and  general  appearance, 
except  that  the  latter  were  smaller  and  contained  only  one  or  two 

'  Lewis,  W.  H.,  and  Webster,  L.  T.,  Migration  of  lymphocytes  in  plasma  cul- 
tures of  human  lymph  nodes,  /.  Exp.  Med.,  1921,  xxxiii,  261. 
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nuclei.  The  large  wandering  cells  seem  to  correspond  to  the  epithe- 
lioid or  endothelioid  cells  familiar  to  pathologists.  There  are  at 
least  two  possible  modes  by  which  the  giant  cells  might  have  arisen 
from  the  wandering  cells.  The  first  and  probably  most  generally 
accepted  \'iew  is  that  of  the  fusion  of  a  few  or  many  large  mono- 
nuclear wandering  cells.  Lambert  (19122'')  has  shown  experimen- 
tally, by  the  introduction  of  lycopodium  spores  into  cultures  of 
spleen,  that  wandering  cells  may  gather  about  them  and  fuse  into 
large  foreign  body  giant  cells.  He  has  also  shown  that  such  large 
giant  cells  may  form  about  other  foreign  bodies,  such  as  cotton 
threads,  and  even  the  cover-glass  appears  to  act  as  a  foreign  body. 
He  found,  however,  that  the  connective  tissue  from  the  heart  of  a 
chick  embryo  cultivated  in  mlro  did  not  form  giant  cells  about  lyco- 
podium spores. 

The  second  possibility  of  origin  for  these  giant  cells  is  that  of  divi- 
sion of  the  nucleus  without  di\-ision  of  the  cytoplasm.  There  were 
no  signs  of  mitosis,  and  although  many  indications  of  amitosis  of  the 
nucleus  were  seen  in  both  living  and  fixed  cultures,  we  were  able  to 
observe  only  one  clear  case  of  amitosis  of  the  nucleus  without  division 
of  the  cytoplasm. 

The  general  structure  of  the  giant  cells,  the  arrangement  of  the 
nuclei  about  the  central  area,  and  the  numerous  instances  of  partial 
cleavage  of  nuclei  indicate  that  these  cells  arise  by  amitosis  from 
large  wandering  cells.  Since  the  giant  cells  form  for  the  most  part 
within  the  explant  it  is  perhaps  not  altogether  surprising  that  ami- 
tosis is  rarely  obsers^ed. 

OBSERVATIONS. 

There  were  eight  series  from  normal  nodes,  one  series  (No.  19)  in 
autoplasma  and  seven  series  (Nos.  19a,  19b,  19c,  10,  13,  15,  and  16)  in 
homoplasma.  There  were  43  cultures  of  the  series  in  autoplasma, 
in  only  one  of  which  was  a  giant  cell  observed,  and  that  on  the  4th 

^Lambert,  R.  A.,  The  production  of  foreign  body  giant  cells  in  vitro,  J.  Exp. 
Med.,  1912,  XV,  510. 

'Lambert,  R.  A.,  Variations  in  the  character  of  growth  in  tissue  cultures, 
Anat.  Rec,  1912,  vi,  91. 


WARREN   H.    LEWIS   AND   LESLIE   T.    WEBSTER  351 

and  6th  days.  Of  the  seven  series  in  homoplasma,  no  giant  cells 
were  seen  in  four  (Nos.  19a,  19b,  10,  and  15).  In  Series  19c  a  few 
giant  cells  were  found  on  the  3rd  and  4th  days.  In  one  of  the  cul- 
tures of  Series  13  a  single  giant  cell  was  observed  on  the  3rd  day  and 
in  Series  16  one  was  first  observed  on  the  6th  day. 

Three  series  (Nos.  17,  21,  and  22)  from  chronic  lymphadenitis  cul- 
tivated in  homoplasma  each  showed  a  few  giant  cells  in  several  of  the 
cultures,  in  one  series  (No.  17)  from  the  2nd  to  7th  days,  in  the  sec- 
ond (No.  21)  from  the  3rd  to  Uth  days,  and  in  the  other  series  (No. 
22)  a  single  giant  cell  was  seen  on  the  3rd  day.  From  one  series 
(No.  3)  of  chronic  lymphadenitis  cultivated  in  autoplasma  no  results 
were  obtained. 

In  one  series  (No.  1)  from  acute  lymphadenitis  in  autoplasma  sev- 
eral giant  cells  were  seen  on  the  6th,  7th,  and  8th  days.  Some  of 
them  were  probably  present  on  the  preceding  days  but  the  observa- 
tions were  not  complete  for  the  earlier  period. 

The  five  series  (Nos.  9,  7,  18,  14,  and  12)  from  tuberculous  nodes 
all  showed  giant  cells  in  some  of  the  cultures.  In  Series  9,  explanted 
in  autoplasma,  a  giant  cell  was  seen  as  early  as  the  1st  day,  and  later 
some  of  the  cultures  showed  many  giant  cells.  They  continued  in 
evidence  until  the  9th  day,  when  the  observation  was  ended.  The 
other  series  were  cultivated  in  homoplasma.  In  Series  7  none  was 
observed  on  the  1st  day  but  there  were  many  on  the  2nd  and  follow- 
ing days,  and  a  few  were  still  present  on  the  8th  day,  the  last  day  of 
observation.  In  Series  18  giant  cells  were  observed  from  the  2nd  to 
11th  days.  In  Series  12  only  a  very  few  were  seen  from  the  3rd  to 
12th  days,  and  in  Series  14  a  few  were  likewise  seen  from  the  3rd  to 
8th  days.  Four  series  (Nos.  23,  23a,  24,  and  24a)  from  caseous  tuber- 
culous nodes  in  autoplasma  and  homoplasma  showed  no  cell  migration. 

Two  series  of  cultures  (Nos.  5  and  6)  from  Hodgkin's  disease  showed 
a  fair  nimiber  of  giant  cells.  Series  5,  in  autoplasma,  first  showed 
giant  cells  on  the  2nd  day;  they  were  fairly  numerous  up  to  the  6th 
day,  as  long  as  observations  continued.  In  the  other  series  (No.  6), 
in  homoplasma,  two  pecuHar  giant  cells  were  seen  2  hours  after  the 
cultures  were  made.     Others  were  observed  from  the  2nd  to  7th  days. 

One  series  (No.  2)  from  chronic  lymphatic  leucemia  and  one  (No. 
20)  from  myeloid  leucemia  gave  no  results.     In  one  series  (No.  8) 
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from  a  metastatic  sarcomatous  node  in  autoplasma  a  few  giant  cells 
were  observed  on  the  2nd  and  4th  days.  Series  11,  in  autoplasma, 
from  a  metastatic  melanotic  sarcoma  taken  at  autopsy  and  Series 
4,  in  homoplasma,  from  a  metastatic  round  cell  sarcoma  gave  no 
results. 

There  were  two  series  (Nos.  25  and  26)  from  metastatic  carcino- 
matous nodes  in  homoplasma.  No  giant  cells  were  seen  in  either 
series,  both  of  which  were  observed  from  a  few  hours  after  explanta- 
tion  up  to  the  11th  day. 

To  simi  up  the  results  of  the  general  observations  on  the  occurrence 
of  giant  cells  in  cultures  from  normal  and  pathological  nodes,  we 
foimd  that  typical  giant  cells  were  occasionally  seen  in  cultures  from 
normal  nodes  and  from  chronic  and  acute.  hTnphadenitis.  They 
were  very  abundant  in  cultures  from  tuberculous  nodes  and  fairly 
mmierous  in  cultures  from  Hodgkin's  disease.  A  very  few  were 
found  in  cultures  from  a  metastatic  sarcomatous  node  but  none  from 
metastatic  carcinomatous  nodes.  The  other  series  were  not  success- 
ful enough  to  warrant  conclusions. 

All  the  giant  cells  were  of  the  same  type,  although  they  varied  in 
size,  the  number  of  nuclei,  etc.  They  usually  appeared  on  the  2nd 
or  3rd  day  of  the  cultures  after  the  honphocytes  and  polymorpho- 
nuclears (if  any  were  present)  and  wandering  cells  had  migrated  out 
in  large  nimibers  into  the  plasma  clot.  The  wandering  cells  did  not, 
as  a  rule,  move  out  into  the  clot  until  the  l>Tnphocytes  and  poly- 
morphonuclears were  well  under  way.  The  wandering  cells  as  they 
migrated  out  from  the  explant  into  the  plasma  were  usually  loaded 
with  bright,  greenish,  fat  globules.  Most  of  the  giant  cells  came  out 
from  the  e.xplant  in  this  form. 

Structure  of  the  Giant  Cells. 

The  giant  cells,  with  their  many  nuclei  and  large  accumulation 
of  fat  globules,  when  contrasted  with  the  more  familiar  cells  (Figs. 
7  and  10  to  12),  were  striking  objects  in  the  cultures,  especiallj'  when 
they  were  on  the  cover-glass  over  a  hquefied  area.  They  could  be 
observed  much  better  on  the  cover-glass  than  in  the  plasma  clot. 
Their  movements  were  very  slow  and  dehberate  and  there  was  a 
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certain  amount  of  shifting  about  of  the  cytoplasmic  contents  and  of 
the  nuclei;  they  retained,  however,  their  general  internal  topography. 
The  giant  cells  were  exactly  similar  in  structure  to  the  large  mono- 
nuclear wandering  cells  (epithelioid  cells),  except  that  they  were 
larger  and  contained  two  or  more  nuclei.  Each  giant  cell  contained 
a  central  area  about  which  were  arranged  the  nuclei  embedded  more 
or  less  in  a  zone  of  fat  globules.  Surrounding  the  zone  of  fat  were 
many  short  mitochondrial  threads  which  projected  in  among  the 
peripheral  fat  globules  and  out  into  the  clear  ectoplasm.  The  whole 
endoplasmic  mass  was  surrounded  by  a  clear,  more  or  less  homo- 
geneous ectoplasm. 

The  various  structures  are  seen  to  best  advantage  when  the  giant 
cells  are  flattened  out  on  the  cover-glass,  as  shown  in  Figs.  1  and  2. 
They  are  not  always  in  this  form,  however,  for  frequently  they  hang 
down  from  a  much  smaller  area  of  attachment.  In  such  cells  the 
endoplasmic  part  with  the  central  area,  fat  zone,  and  nuclei  may 
hang  far  below  the  cover-glass  as  a  rounded  or  elongated  mass,  sur- 
rounded by  the  ectoplasm  which  spreads  out  more  or  less  on  the 
cover-glass. 

The  cells  that  were  flattened  out  on  the  cover-slip  exhibited  a 
peculiar  condition  resembling  a  cell  split  in  half  with  the  cut  surface 
against  the  cover-glass  but  covered  by  ectoplasm.  When  in  this 
condition  the  central  area  seemed  to  come  in  contact  with  the  layer 
of  ectoplasm  attached  to  the  cover-glass.  The  zone  of  fat  globules 
surrounded  the  rest  of  the  central  area  like  a  half  shell.  The  nuclei 
usually  seemed  most  abundant  in  a  horseshoe  area  embedded  in  that 
part  of  the  fat  zone  near  the  cover-glass.  In  many  cells  nuclei  could 
not  be  detected  in  any  other  location,  but  in  some  instances  they 
were  seen  scattered  more  or  less  throughout  the  fat  zone  (Fig.  28), 
especially  in  the  thicker  cells. 

Central  Area. — The  central  area  consisted  of  a  finely  granular  mass 
within  which  could  sometimes  be  seen  a  clearer  homogeneous  centro- 
sphere  or  what  appeared  to  be  a  centrosphere.  No  centrioles  were 
observed  either  in  the  living  or  in  the  fixed  cells.  In  the  living  cells 
the  fine  granules  of  the  central  area  had  a  great  affinity  for  neutral 
red  and  took  up  the  dye  readily  and  intensely.  In  fixed  specimens 
this  area  stained  deeply  with  eosin.     The  central  area  varied  in  size 
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and  under  certain  conditions  occupied  the  greater  part  of  the  endo- 
plasmic area.  In  the  older  cultures  neutral  red  granules  were  some- 
times scattered  in  among  the  fat  globules  and  were  seen  in  the 
ectoplasm.  Since  neutral  red  is  probably  only  taken  up  by  the 
non-living  cytoplasmic  inclusions  (Lewis,  1919^)  this  central  area  must 
be  considered  as  non-living. 

The  origin  of  this  central  area  is  not  altogether  clear.  There  are 
several  possibilities  which  must  be  considered.  All  cells  in  tissue  cul- 
tures gradually  accumulate  granules  which  have  a  great  affinity  for 
neutral  red.  The  accumulation  usually  becomes  more  marked  in  the 
older  cultures  as  the  cells  become  more  degenerate.  These  granules 
have  a  decided  tendency  to  become  massed  about  the  centriole,  usu- 
ally near  one  side  or  at  one  end  of  the  nucleus.  They  have  been 
called  degeneration  granules  (Lewis,  1919'')  and  are  supposed  to 
represent  an  accumulation  of  waste  products  which  the  cells  are 
unable  to  get  rid  of  in  their  abnormal  enxironment,  and  come  in 
part  perhaps  from  a  breaking  down  of  the  cytoplasm.  The  central 
area  of  the  large  wandering  cells  and  of  the  giant  cells  may  repre- 
sent a  somewhat  similar  accumulation  of  waste  products. 

Another  possibility  presents  itself.  The  large  wandering  cells  are 
voracious  phagocytes  and  are  often  crammed  full  of  dead  lym- 
phocytes in  various  stages  of  digestion.  The  ingested  lymphocytes 
tend  to  accumulate  in  what  later  becomes  the  central  area,  and  as 
digestion  proceeds  they  are  reduced  to  granules  of  various  sizes. 
The  giant  cells  likewise  often  contain  a  few  partially  digested  lym- 
phocytes (Fig.  27).  As  the  greater  part  of  this  process  of  ingestion  and 
digestion  of  lymphocytes  seems  to  take  place  within  the  explant,  and 
since  the  majority  of  cells  that  migrate  out  show  only  the  granular 
debris  which  makes  up  the  central  area,  we  have  not  followed  the 
process  in  sufficient  detail  to  determine  to  what  extent  the  central 
area  is  dependent  upon  such  digestive  waste  products  for  its  origin. 
•It  seems  probable,  however,  that  such  waste  products  are  in  part 
responsible  for  the  central  area. 

These  two  possibilities  are  somewhat  similar  in  their  nature,  both 
being  concerned  with  the  waste  products  of  metabohsm.     Still  another 

^  Lewis,  W.  H.,  Degeneration  granules  and  vacuoles  in  the  fibroblasts  of  chick 
embryos  cultivated  in  vitro,  Bull.  Johns  Hopkins  Hasp.,  1919,  x.xx,  81. 
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theory  for  the  origin  of  these  granules  suggests  itself;  namely,  that 
foreign  substances,  which  are  not  metaboHzed,  enter  the  cells  and  are 
segregated  into  a  gradually  enlarging  central  area. 

Nuclei. — The  nuclei  which  lay  around  the  periphery  of  the  central 
area  exhibited  a  peculiar  and  important  arrangement.  In  the  large 
wandering  cells  the  nucleus  was  usually  at  one  side  of  this  central 
area.  In  the  binucleate  and  trinucleate  cells  and  in  giant  cells  with 
few  nuclei,  they  tended  always  to  be  eccentric  as  regards  the  central 
area  (Figs.  3  to  9  and  13  to  25).  When  there  were  several  or  even 
many  nuclei  the  same  arrangement  often  prevailed,  as  the  nuclei 
only  partially  surrounded  the  central  area,  and  gave  a  somewhat 
horseshoe-like  effect  in  most  of  the  cells. 

This  peculiar  arrangement  of  the  nuclei  is  easily  explained  through 
the  assumption  that  the  giant  cells  arise  from  the  large  wandering 
cells  by  amitotic  di\-ision  of  the  nuclei  without  division  of  the  cyto- 
plasm. The  first  di\dsion  in  a  mononuclear  cell  would  result  in  a 
binucleate  cell  with  the  two  nuclei  near  together  but  eccentrically 
placed  as  regards  the  central  area  (Figs.  13  to  16  and  20  to  22). 
The  two  nuclei  do  not  always  remain  near  together  but  may  shift 
more  or  less  around  the  periphery  of  the  central  area  (Figs.  5,  16,  and 
26).  As  subsequent  divisions  occur  the  nuclei  gradually  surround 
more  and  more  of  the  enlarging  central  area,  but  even  in  the  multinu- 
cleated giant  cells  there  is  usually  a  gap  in  the  circle  of  nuclei  (Figs. 
17  to  19  and  27). 

It  is  difficult  to  understand  how  such  an  arrangement  of  the  nuclei 
about  the  central  area  could  have  come  about  except  by  nuclear 
division,  unless  the  fusion  of  wandering  cells  to  form  the  giant  cells 
occurred  before  the  formation  of  a  central  area.  This  is,  of  course, 
possible,  but  since  all  the  large  wandering  cells  that  migrate  out  from 
the  explant  possess  a  similar  central  area,  the  fusion,  if  it  does  occur, 
must  take  place  within  the  explant. 

We  endeavored  to  observe  nuclear  division  in  these  cells  after  they 
had  migrated  out  onto  the  cover-glass,  but  only  one  clear  case  was 
seen  of  amitotic  division  of  the  nucleus  in  one  of  the  large  wandering 
cells.  The  nuclei  often  became  indented  more  or  less,  but  sometimes 
straightened  out  again.  In  the  fixed  specimens  there  were  usually 
many  nuclei  which  showed  all  stages  of  amitosis  in  both  the  mono- 
nuclear forms  and  the  giant  cells  (Figs.  15  to  22). 
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The  nuclei  varied  in  number  from  two  to  60  or  more.  Most  of 
the  giant  cells  contained  not  more  than  twelve,  and  only  a  few  had 
more  than  twenty-five.  The  nuclei  also  varied  somewhat  in  size 
even  in  the  same  cell,  probably  through  unequal  cleavage  (Fig.  25). 
Sometimes  they  were  half  the  usual  size  or  even  less.  In  the  latter 
instances  they  probably  arose  as  bud-like  processes.  The  cleavage 
furrow  seems  either  to  arise  on  the  side  of  the  nucleus  away  from  the 
central  area,  or  to  be  deeper  on  that  side. 

We  have  already  noted  that  the  large  central  area  in  the  large 
wandering  cells  and  in  the  giant  cells  indicates  that  they  have  had 
an  abundant  food  supply  of  dead  lymphocytes,  and  it  is  only  natural 
that  the  great  increase  in  cytoplasmic  bulk  should  be  accompanied 
by  a  corresponding  increase  in  nuclear  material.  An  important  fac- 
tor, then,  in  the  formation  of  these  giant  cells  seems  to  be  an  over- 
abundant food  supply.  They  are  apparently  unable  to  get  rid  of  the 
waste  products  of  digestion  which  accumulate  in  the  central  area 
and  about  which  the  nuclei  arrange  themselves. 

Fat  Globules. — The  zone  of  fat  globules  about  the  central  area  is 
the  most  conspicuous  feature  of  the  living  giant  cells  and  of  the  large 
wandering  cells.  The  globules  are  usually  numerous  and  of  fairly 
uniform  size.  They  var)^  slightly,  however,  in  different  cells;  in 
some  they  seem  to  be  uniformly  smaller  than  in  others.  In  fixed 
preparations,  made  with  Zenker's  fluid  without  acetic  acid,  only 
traces  of  the  spaces  which  they  formerly  occupied  are  to  be  seen. 
There  is  a  great  difference  between  the  appearance  of  the  living  and 
of  the  fixed  specimens,  as  may  be  seen  from  the  figures.  The  globules 
stain  well  after  formaldehyde  fixation  with  Scharlach  R.  In  the 
living  cells  the  globules  have  a  pecuHar  greenish  color. 

The  zone  of  fat  globules  varies  considerably  in  width  in  different 
cells  and  in  a  few  specunens  it  was  reduced  to  a  small  area  at  the 
poles  (Fig.  8).  Sometimes  the  globules  seem  to  have  a  radial  arrange- 
ment wdth  reference  to  the  central  area.  The  circimaference  of  the 
zone  is  remarkably  uniform  and  even,  although  the  globules  are 
sometimes  slightly  scattered. 

The  nuclei  are  usually  embedded  in  the  inner  part  of  the  zone 
where  it  borders  the  central  area.  Mitochondria  are  scattered 
among  the  globules,  especially  toward  the  periphery  of  the  zone. 
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This  large  accumulation  of  fat  globules  depends,  we  think,  upon  the 
abundant  supply  of  food  which  the  cells  had  while  in  the  explant. 
They  are  loaded  with  fat  when  they  migrate  out.  The  fat  may  be 
looked  upon  as  one  of  the  by-products  of  digestion  of  the  lym- 
phocytes that  the  giant  cells  have  not  been  able  to  use.  It  may  also  in 
part  have  been  ingested  as  such,  and  in  part  have  originated  as  a 
result  of  the  disordered  metaboUsm  in  the  abnormal  environment.  It 
seems  to  be  utilized  in  some  of  the  cells  with  still  further  enlargement 
of  the  central  area,  as  shown  in  Fig.  8. 

Mitochondria. — The  mitochondria  were  usually  abundant  in  the 
giant  cells  in  the  form  of  wavy  or  curly  threads.  They  seemed  to  be 
most  numerous  immediately  about  the  zone  of  fat  globules.  There 
were  many  between  the  globules  and  they  extended  out  more  or 
less  into  the  ectoplasm.  Their  distribution  was  similar  to  that  found 
in  the  large  wandering  cells.  They  were  best  seen  after  the  cultures 
had  been  washed  with  a  solution  of  Janus  green  and  when  the  cells 
were  much  flattened.  It  was  often  diihcult  to  determine  how  abun- 
dant they  were  in  the  fat  zone.  The  mitochondria  were  sometimes 
remarkably  curly;  more  rarely  they  appeared  as  rods  or  granules. 
The  fact  that  they  were  usually  long  or  slender  indicates  that  the 
cells  were  in  fairly  good  condition,  as  in  degenerating  cells  of  chick 
embryo  cultures  the  mitochondria  become  more  or  less  broken  up 
into  rods  and  granules  which  later  swell  to  form  small  vesicles. 

Ectoplasm. — The  ectoplasm  consisted  of  a  relatively  thick,  homo- 
geneous, clear  layer  and,  when  the  cells  were  much  flattened,  formed 
a  broad  thin  zone  (Fig.  29).  As  already  noted,  the  mitochondria 
seemed  to  be  most  abundant  in  the  part  of  the  ectoplasm  immediately 
surrounding  the  zone  of  fat  globules.  Occasionally,  neutral  red 
granules  and  a  few  fat  globules  were  seen  in  the  ectoplasm.  In  fixed 
specimens  it  was  often  noted  that  the  surface  adherent  to  the  cover- 
glass  was  studded  with  minute  dots  or  points.  This  appearance  was 
such  as  to  lead  to  the  belief  that  the  giant  cells  were  attached  to  the 
cover-glass  by  numerous  very  short  processes,  or  protuberances, 
and  not  by  a  uniform  surface.  In  most  of  the  giant  cells  that  were 
spread  out  on  the  cover-slip  the  ectoplasm  appeared  to  come  directly 
in  contact  with  the  central  area  on  the  cover-glass  side  of  the  cell,  as 
shown  in  Fig.  2. 
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SUMMARY. 

Giant  cells  resembling  those  found  in  tuberculous  nodes  appeared 
in  cultures  of  various  normal  and  pathological  human  lymph  nodes 
cultivated  in  plasma.  They  migrated  out  from  the  explants  from 
normal  and  tuberculous  nodes,  from  nodes  from  acute  and  chronic 
lymphadenitis  and  Hodgkin's  disease,  and  from  a  metastatic  sarcoma. 
They  were  most  abundant  in  cultures  from  tuberculous  nodes.  The 
giant  cells  are  similar  in  structure  to  the  large  wandering  cells  and 
probably  arise  from  them.  We  are  uncertain,  however,  as  to  how  the 
giant  cells  develop.  There  is  no  evidence  of  fusion  of  the  large  mono- 
nuclear wandering  cells;  on  the  other  hand,  there  is  some  evidence 
that  they  arise  by  amitosis  of  the  nuclei  without  division  of  the 
cytoplasm,  which  increases  in  bulk. 

They  contain  a  large  central  area  of  more  or  less  granular  char- 
acter which  takes  up  neutral  red  with  great  avidity.  This  central 
area  probably  consists  of  dead  material,  the  waste  products  of  metab- 
olism and  of  digested  foodstuffs  such  as  lymphocytes  that  the  cells 
are  unable  to  get  rid  of  in  the  abnormal  en\-ironment,  and  perhaps 
also  of  accumulated  non-hving  foreign  substances  that  have  pene- 
trated into  the  cells  and  become  segregated. 

The  central  area  is  surrounded  by  a  conspicuous  zone  of  fat  globules 
in  which  the  nuclei  are  embedded. 

The  nuclei  vary  in  nimiber  from  2  or  3  to  50  or  60.  Usually,  how- 
ever, there  are  not  more  than  10  or  20,  and  in  the  cells  that  are  flat- 
tened out  on  the  cover-sHp  they  often  have  a  horseshoe-like  arrange- 
ment about  the  equator  of  the  central  area. 

Mitochondria  are  abundant  and  usually  in  the  form  of  wavy  or 
curly  threads.  They  seem  to  be  most  nmnerous  in  the  ectoplasm 
immediately  about  the  fat  zone.  They  also  extend  in  among  the  fat 
globules  and  out  into  the  ectoplasm. 

A  distinct,  clear,  homogeneous  ectoplasm  envelops  the  cell. 
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EXPLANATION  OF  PLATES. 
Plate  27. 

Fig.  L  Typical  giant  cell,  spread  out  on  the  cover-glass,  from  a  livmg  6  day 
culture  from  an  acute  lymphadenitis  specimen  in  autoplasma  (Series  1).  The 
central  area,  which  took  neutral  red,  is  surrounded  by  a  zone  of  fat  globules  in 
which  are  embedded  the  nuclei.  Mitochondrial  threads  are  seen  in  the  clear 
ectoplasm. 

Fig.  2.  Idealized  section  of  a  giant  cell  as  it  lies  against  the  cover-glass.     X  750. 

Fig.  3.  Large  wandering  cell  from  a  living  4  day  culture  from  Hodgkin's  node 
in  autoplasma  (Series  5).  The  large  central  area  with  the  nucleus  probably  just 
below  it,  the  fat  zone,  ectoplasm,  and  mitochondria  partly  between  fat  globules 
and  partly  in  ectoplasm  are  shown.     X  750. 

Fig.  4.  Another  large  wandering  cell  from  the  same  culture  on  the  5th  day. 
There  are  indications  of  a  centrosphere  in  the  central  area;  the  nucleus  is  deeply 
indented.     X  750. 

Fig.  5.  Binucleate  large  wandering  cell  from  a  living  6  day  culture  from  a  tuber- 
culous node  in  homoplasma  (Series  7).  The  small  central  area,  broad  fat  zone 
with  globules  more  or  less  radially  arranged,  and  the  mitochondria  at  the  edge 
of  and  partly  in  the  fat  zone  are  shown.     X  750. 

Fig.  6.  Small  giant  cell  from  a  living  6  day  culture  from  Hodgkin's  node  in 
autoplasma  (Series  5).  Three  nuclei,  a  large  central  area,  and  a  fat  globule  zone 
surrounded  by  mitochondria  may  be  seen.     X  750. 

Fig.  7.  Giant  cell  from  a  living  5  day  culture  from  Hodgkin's  node  in  auto- 
plasma (Series  5).  There  are  four  or  five  nuclei,  a  small  central  area,  and  a  broad 
fat  globule  zone  with  mitochondria  about  its  periphery.     X  750. 

Fig.  8.  Small  giant  cell  from  a  living  6  day  culture  from  Hodgkin's  node  in 
autoplasma  (Series  5).  There  are  four  nuclei,  a  very  large  central  area,  only  a 
few  fat  globules  at  the  poles,  and  few  mitochondrial  rods  and  granules.     X  750. 

Fig.  9.  Small  giant  cell  from  a  living  3  day  culture  from  a  tuberculous  node  in 
homoplasma  (Series  7).  There  are  three  nuclei,  a  small  central  area,  a  narrow 
fat  zone,  and  many  long  wavy  mitochondria  in  the  ectoplasm.  The  edge  of  the 
ectoplasm  is  rolled  up.     X  750. 

Fig.  10.  Three  lymphocytes  from  a  living  4  day  culture  from  a  tuberculous 
node  in  autoplasma  (Series  9)  for  comparison  with  the  size  of  the  other  cells. 
Neutral  red  granules  are  present.     X  750. 

Plate  28. 

Fig.  11.  Giant  cells,  wandering  cells,  and  lymphocytes  on  the  cover-glass  over 
the  liquefied  area,  from  a  fixed  and  stained  4  day  culture  from  a  tuberculous  node 
in  autoplasma  (Series  9).     X  100. 

Figs.  12  to  14.  Three  areas  from  Fig.  11. 

Fig.  12.  Very  large  giant  cell  with  many  nuclei  surrounding  an  elongated  cen- 
tral area.    A  few  small  giant  cells  and  wandering  cells  may  also  be  seen.     X  375. 
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Plate  29. 

Fig.  13.  Giant  cells,  wandering  cells,  and  h-mphocytes.     X  375. 
Fig.  14.  Larger  giant  cells.    Elongated  migrating  Iv-mphocytes  are  seen  on 
the  large  giant  cell  at  the  right.     X  375. 

Plate  30. 

Figs.  15  to  19.  Five  cells  from  the  same  region  of  the  fixed  culture  shown  in 
Fig.  1 1 ,  illustrating  the  arrangement  of  nuclei  as  they  increase  in  number,  prob- 
ably by  amitosis.     X  750. 

Figs.  20  to  26.  Seven  large  wandering  cells  on  the  cover-glass,  from  a  fixed 
2  day  culture  from  a  metastatic  sarcomatous  node  in  autoplasma  (Series  8). 
Various  stages  of  amitosis  are  shown.    The  ectoplasm  shows  shrinkage.     X  750. 

Fig.  27.  Giant  cell  on  the  cover-glass,  from  a  fixed  8  day  culture  from  a  tuber- 
culous node  in  homoplasma  (Series  18).  A  few  incompletely  digested  hinpho- 
c>'tes  may  be  seen  in  the  central  area;  the  nuclei  only  partially  surround  the 
latter;  short  mitochondria.     X  750. 

Fig.  28.  Giant  cell  on  the  cover-glass,  from  a  fixed  5  day  culture  from  a  tuber- 
culous node  in  autoplasma  (Series  9).  The  central  area  shows  a  few  partially 
digested  l>Tnphoc>'tes;  the  nuclei  are  more  scattered  than  usual.     X  250. 

Plate  31. 

Fig.  29.  Giant  cell  veri,-  much  flattened  on  the  cover-glass,  from  a  fixed  8  day 
culture  from  a  tuberculous  node  in  homoplasma  (Series  7) .  Two  partially  digested 
l>Tnphoc>tes  may  be  seen.  The  ectoplasm  is  very  thin,  showing  several  holes. 
X  750. 


THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  XXXIII. 


PLATE  27. 


(Lewis  and  Webster:  Cultures  from  human  lymph  nodes.) 


THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  XXXIII. 


PE  2 


540 

PLATE  28. 


4     '-T/ 


^^•V  #/!•/« 


11 


(Lewis  and  Webster:  Cultures  from  human  lymph  nodes.) 


THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  XXXIII. 


PLATE  29.         i 

3^^ 


^P? 

• 

..   ^ 

•-.^ 

1    *^  i^* 

■  * 

• 

•    01             •  v^ 

0 

9m      i 

'♦i^^ 

13 


14 

(Lewis  and  WL-bslcr:  Cullurcs  from  luiman  lymph  nodes.) 


THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  XXXIII. 


PLATE  30. 


x^^i^vy  \^mm 


(Lewis  and  Webster:  Cultures  from  human  lymi)h  nodes.) 


THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  XXXIII 


PLATE  31 


29 


(Lewis  and  Webster;  Cultures  from  hiim:in  lymph  nodes.) 


EXPERIMENTAL    STUDIES    OF   THE    NASOPHARYNGEAL 
SECRETIONS  FROM  INFLUENZA  PATIENTS. 

II.    FiLTERABILITY    AND    RESISTANCE    TO    GLYCEROL. 

By  peter  K.  OLITSKY,  M.D.,  and  FREDERICK  L.  GATES,  M.D. 
{From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

Plates  32  to  34. 
(Received  for  publication,  December  13,  1920.) 

In  our  first  communication'  we  described  the  particular  effects 
induced  in  rabbits  by  the  nasopharyngeal  secretions  from  cases  of 
uncomplicated  influenza.  We  now  propose  to  define  more  exactly 
the  nature  of  the  peculiar  or  active  substance  responsible  for  these 
effects  and  to  distinguish  it  from  bacteria  of  the  ordinary  species. 

Before  presenting  what  are  regarded  as  the  decisive  experiments, 
all  of  which  were  made  in  rabbits  and  guinea  pigs,  we  desire  to  put 
briefly  on  record  series  of  tests  carried  out  on  monkeys,  Macacus 
rhesus,  chiefly,  in  which  the  nasopharyngeal  secretions  from  cases  of 
uncomplicated  influenza,  collected  from  12  to  48  hours  after  the 
onset  of  the  symptoms,  were  filtered  through  Berkefeld  V  or  N  can- 
dles and  injected  intratracheally  or  subconjunctivally,  or  by  both 
routes,  into  these  animals.^  In  some  instances  the  material  was 
injected  as  it  came  from  the  filter.  Occasionally  it  was  concentrated 
at  low  temperature  in  vacuo  according  to  the  method  of  Amoss  and 
Taylor.' 

All  these  experiments  resulted  negatively  in  that  no  effects  were 
observed  which  were  not  also  obtained  from  similarly  treated  secre- 
tions from  persons  believed  not  to  have  suffered  from  influenza. 
Hence   the  work  of  NicoUe   and  Lebailiy,''   Gibson,   Bowman,   and 

'  Olitsky,  P.  K.,  and  Gates,  F.  L.,  J.  Exp.  Mai.,  1921,  .xxxiii,  125. 
'  All  operations  were  performed  under  light  ether  anesthe.^ia. 
'  Amoss,  H.  L.,  and  Taylor,  E.,  J.  Exp.  Med.,  1917,  .xxv,  507. 
■*  Nicolle,  C,  and  Lebailiy,  C,  Compt.  rend.  Acad.,  1918,  clxvii,  607. 

361 


362  NASOPHARYNGEAL   SECRETIONS  FROM  INFLUENZA.      11 

Connor,"  and  Bradford,  Bashford,  and  Wilson*  was  not  confirmed  by 
these  experiments.  But  since  in  many  of  the  monkeys  employed 
any  effect  produced  by  the  intratracheal  injections  might  have  been 
masked  by  the  presence  of  lesions  of  pulmonary  tuberculosis,  these 
experiments  are  not  regarded  as  conclusive.  In  the  meantime  the 
work  with  rabbits  was  proceeding  in  a  promising  manner  and  hence 
the  latter  animal  was  chosen  for  the  new  series  of  experiments. 

These  experiments  extended  our  observations  as  follows:  (1)  A 
condition  similar  to  that  found  in  rabbits  injected  with  the  unfiltered 
nasopharyngeal  secretions  was  obtained  by  employing  filtrates  of  the 
lung  tissue  of  such  affected  animals.  (2)  Filtrates  of  the  naso- 
pharyngeal washings  from  early  cases  of  epidemic  influenza  also 
induced  similar  effects  in  rabbits.  (3)  When  guinea  pigs  were  used 
instead  of  rabbits,  they  showed  clinical  and  pathological  effects  indis- 
tinguishable from  those  already  observed.  (4)  The  peculiar  sub- 
stance inducing  these  effects,  when  submitted  to  the  action  of  50  per 
cent  glycerol,  maintained  its  activity  without  alteration  in  its  effects. 

Filtered  Lung  Tisstie  from  Affected  Rabbits. 

It  was  thought  advisable  to  employ  at  first,  for  filtration  experi- 
ments, material  possibly  more  active  than  the  patient's  nasopharyn- 
geal secretions.  The  active  substance  was  therefore  carried  through 
several  rabbit  passages  without  filtration  in  the  following  manner. 
The  nasopharyngeal  washings  from  Case  17,  described  in  the  first 
communication,'  had  been  collected  12  hours  after  the  onset  of 
uncomplicated  influenza  and  injected  intratracheally  in  rabbits. 
As  judged  by  the  occurrence  of  typical  effects  on  the  blood  and  on 
the  lungs,  the  active  material  was  then  transmitted  through  two  suc- 
cessive rabbits  by  means  of  the  unfiltered  lung  tissue  of  each  previous 
animal.  The  lung  tissue  of  the  last  rabbit,  obtained  at  the  height 
of  the  reaction,  was  ground  with  sand  in  sterile  saline  solution  and 
filtered. 

'  Gibson,  H.  G.,  Bowman,  F.  B.,  and  Connor,  J.  I.,  Brit.  Med.  J.,  1919,  i,  331. 
«  Bradford,  J.  R.,  Bashford,  E.  F.,  and  Wilson,  J.  A..  Brit.  Med.  J.,  1919,  i,  127. 
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Protocol  J. — The  lung  tissue  of  the  rabbit  corresponding  to  the  third  passage  of 
this  series  was  ground  with  sterile  sand  in  saline  solution'-  and  the  suspension 
centrifuged  at  low  speed.  The  supernatant  fluid  was  removed  and  filtered  through 
a  tested  Berkefeld  candle,  size  N.  0.5  cc.  of  the  filtrate  gave  no  growth  on  blood 
agar  plates. 

Apr.  17, 1919.  3.5  cc.  of  the  filtrate  were  introduced  intratracheally  in  a  rabbit' 
whose  total  leucocytes  were  17,500,  of  which  9,625  were  mononuclears.  Apr.  18. 
Total  leucocytes  10,360,  of  which  3,936  were  mononuclears.  The  animal  had  lost 
100  gm.  in  weight;  the  temperature  was  unchanged  (39.1°C.);  conjunctivitis  ap- 
peared. Apr.  19.  Leucocyte  count  unchanged;  temperature  40.1°C.  Killed. 
AU  the  organs  except  the  lungs  were  normal  in  appearance.  The  lungs  were 
voluminous,  edematous,  and  emphysematous,  and  in  the  lower  lobes  diffuse  hem- 
orrhages, were  noted,  in  the  upper  lobes  smaU  discrete  hemorrhages,  especially 
underneath  the  pleura,  which  was  apparently  unaffected.  On  section,  a  blood- 
stained frothy  fluid  escaped  and  the  hemorrhages  were  observed  to  occupy  the 
depth  of  the  tissues.  The  trachea,  especially  in  the  lower  third,  showed  conges- 
tion and  small  hemorrhages  and  was  covered  with  mucus. 

The  microscopic  examination  (Figs.  1  and  2)  confirmed  the  gross  appearance. 
There  were  generalized  extravasations  of  erythrocytes  into  the interalveolar  struc- 
tures and  intraalveolar  spaces,  localized  small  hemorrhages,  extensive  edema,  and 
emphysema.  In  addition,  a  small  amount  of  cellular  exudate  was  found  in  the 
parenchyma,  consisting  mainly  of  polymorphonuclear  acidophilic  and  of  mono- 
nuclear cells,  among  which  were  larger  cells  of  the  respiratory  epithelial  type. 
The  bronchi  showed  e.xfoliated  epithelium,  some  cells  of  which  were  necrotic,  and 
contained  a  mixture  of  red  cells,  coagulated  serum,  leucocytes,  and  fibrin  in  small 
amount.     No  growth  was  obtained  on  aerobic  cultivation  of  the  lung  tissue.' 

This  experiment,  which  is  typical  of  many,  shows  that  the  lesions 
of  the  lungs  and  of  the  circulating  blood  described  in  the  previous 
paper  as  arising  in  the  rabbit  from  the  injection  of  unfiltered  naso- 
pharyngeal secretions  from  early  cases  of  influenza  can  be  produced 
by  the  injection  of  the  filtered  extract  of  the  lungs  of  affected  rabbits. 
The  next  step  was  the  passage  from  rabbit  to  rabbit  of  the  active 
material  contained  in  the  lung  tissue  by  means  of  successively  filtered 
materials. 

Protocol  2. — A  suspension  of  the  lung  of  the  previous  rabbit  was  filtered  through 
a  Berkefeld  candle,  size  V.  The  filtrate  was  proved  sterile  by  aerobic  cultivation 
tests  and  was  introduced  intratracheally  into  another  series  of  rabbits.     While 

'  Several  rabbits  were  inoculated,  but  only  the  rabbit  used  for  further  trans- 
mission experiments  is  described  in  this  paper. 

'  The  results  of  anaerobic  cultivation  will  be  reported  in  a  later  paper. 
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tests  were  made  with  the  filtrate  an  alternate  test  with  unfiltered  lung  suspension 
was  carried  out. 

This  consecutive  series  consisted  of  ten  rabbits,  which  developed  in  24  to  48 
hours  temperature  reaction,  conjunctivitis,  and  leucopenia,  involving  especially 
the  mononuclear  ceUs.  At  autopsy  the  animals  exhibited  the  pathological  condi- 
tion of  the  lungs  described  as  typical  of  the  action  of  the  influenzal  material  (Fig.  3) . 
There  was  no  essential  diflterence  noted  in  the  action  of  the  filtered  as  compared 
with  the  unfiltered  suspensions.  Aerobic  cultures  of  the  lung  tissue  in  blood  and 
plain  dextrose  broth  were  systematically  made.  As  a  rule  no  growth  was  obtained. 
But  in  three  instances  common  bacterial  species  were  found.  Thus  the  fifth" pas- 
sage, in  which  an  unfiltered  suspension  was  used,  yielded  an  indefinite  pneumo- 
coccus;  the  seventh  and  eighth  passages,  in  which  filtered  suspensions  were  em- 
ployed, B.  pyocyaneiisf  and  the  tenth  passage  made  with  an  unfiltered  suspension, 
an  unclassified,  small,  Gram-negative  bacillus  of  hemoglobinophUic  nature.  The 
variety  of  bacteria  appearing  in  these  cultures  indicates  that  they  were  of  acci- 
dental occurrence.'" 

The  series  of  experiments  suggests  that  the  particular  clinical 
reactions  and  pathological  effects  induced  in  rabbits  by  the  naso- 
pharyngeal washings  from  early  cases  of  epidemic  influenza  are  due 
to  an  active  substance  which  passes  through  Eerkefeld  filters  and 
survives  successive  animal  passages  of  the  filtrate. 

The  preceding  experiments  were  made  with  material  obtained  in 
1919  and  passed  through  rabbits  before  filtration.  The  recurrence 
of  the  epidemic  of  influenza  in  1920  afforded  another  opportimity  for 
the  study  of  material  from  early  cases  of  the  disease  in  the  manner 
indicated,  and  for  the  direct  injection  into  the  rabbit  of  the  filtered 
nasopharyngeal  secretions  of  man. 

Filtered  Nasopharyngeal  Secretions. 

Nasopharyngeal  washings,  obtained  from  two  patients  (Nos.  24 
and  26,  described  in  the  first  paper')  who  had  been  ill  36  and  30  hours, 
were  shaken  in  saHne  solution  and  filtered  through  Berkefeld  N 
candles.  The  filtrates  tested  by  aerobic  culture  were  sterile.  They 
were  inoculated  intratracheally  into  rabbits  as  follows: 

'  Subsequent  tests  proved  that  the  Berkefeld  candle  used  in  these  two  passages 
was  contaminated  with  this  organism. 

'"  The  part  played  by  these  aerobic  microorganisms  will  be  described  in  another 
communication. 


PETER   K.    OLITSKY   AND   FREDERICK   L.    GATES  365 

Protocol  3. — Jan.  21,  1920.  4  cc.  of  the  filtered  nasopharyngeal  washings  from 
Patient  24  were  introduced  intratracheally  in  a  rabbit  whose  total  leucocytes  were 
10,400,  of  which  6,760  were  mononuclears.  Temperature,  before  injection,  39.2°C. 
On  Jan.  23,  after  48  hours,  conjunctivitis  and  a  temperature  rise  to  39.4°C.  were 
noted.  The  total  leucocytes  fell  to  6,800,  of  which  4,080  were  mononuclears. 
Jan.  24.  Temperature  39.6°C.;  total  leucocytes  8,200,  of  which  2,970  were  mono- 
nuclears. Killed.  All  the  organs  except  the  lungs  were  normal  in  appearance. 
The  right  lung  was  more  extensively  involved  than  the  left.  They  were  both 
voluminous  as  a  result  of  edema  and  emphysema.  Small  discrete  hemorrhages 
were  seen  only  in  the  right  lung,  especially  under  the  pleura.  On  section  the 
hemorrhages  were  noted  to  occupy  the  depths  of  the  tissues.  The  bronchi  con- 
tained mucopurulent  material.  The  microscopic  appearance  confirmed  the  gross 
condition.  There  were  localized  small  hemorrhages,  edema,  and  emphysema. 
The  capillaries  were  filled  with  blood.  The  small  amount  of  cellular  exudate  in  the 
parenchyma  consisted  of  polymorphonuclear  cells,  of  respiratory  epithelial  cells, 
and,  especially  in  the  interalveolar  strands,  of  mononuclear  cells.  The  bronchi 
showed  necrosis  and  exfoUation  of  the  lining  cells  and  contained  coagulated  serum, 
leucocytes,  and  fibrin.    No  growth  was  obtained  on  aerobic  cultivation. 

Jan.  24.  A  second  rabbit  was  injected  intratracheally  with  3  cc.  of  the  unfil- 
tered  lung  tissue  suspension  from  the  preceding  rabbit.  Jan.  25.  Total  leucocytes 
feU  from  11,400  to  9,800,  and  mononuclears  from  5,358  to  4,116.  There  was  con- 
junctivitis but  no  temperature  rise.  Jan.  26.  Total  leucocytes  9,400,  of  which 
2,256  were  mononuclears.  Killed.  The  lesions  present  in  the  lungs  at  autopsy 
resembled  those  of  the  previous  rabbit  and  were  regarded  as  typical.  Aerobic 
cultures  showed  no  growth. 

Protocol  4. — The  typical  clinical  reaction  and  pathological  eflfects  were  induced 
in  rabbits  by  means  of  the  unfiltered  nasopharyngeal  secretions  from  Patient  26. 
These  were  described  in  detail  in  the  first  paper. '^ 

Feb.  5,  1920.  3.5  cc.  of  the  filtered  nasopharyngeal  secretions  from  Patient 
26,  collected  30  hours  after  the  onset  of  symptoms,  were  injected  intratracheally 
in  a  rabbit  whose  average  total  leucocytic  count  was  7,600,  of  which  3,331  were 
mononuclears.  On  Feb.  8,  after  72  hours,  total  leucocytes  fell  to  4,050,  and 
mononuclears  to  1,539  (Text-fig.  1).  Killed.  The  lungs  showed  the  lesions  re- 
garded as  typical.     No  growth  was  obtained  in  aerobic  cultures. 

The  next  passage  was  effected  by  employing  the  lungs  of  a  second  filtrate-in- 
jected rabbit  which  reacted  typically,  but  was  killed  after  48  hours  instead  of  72. 
Feb.  7.  Rabbit  injected  with  3  cc.  of  the  unfiltered  suspension  of  these  lungs. 
Feb.  8.  Conjunctivitis  appeared  and  temperature  rose  from  39.2°  to  39.4°C. 
Total  leucocytes  fell  from  9,475  to  7,600,  and  mononuclears  from  4,643  to  2,128. 
Feb.  9.  Temperature  39.5°C.;  total  leucocytes  5,400,  of  which  1,728  were  mono- 
nuclears (Text-fig.  2).  Killed.  Lungs  showed  the  lesions  regarded  as  typicaL 
No  growth  obtained  in  aerobic  cultures.  ■  i 
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Text-Fig.  2. 


Text-Fig.  3. 


Text-Fig.  1. 

—ntal  loKocytlc  caM 
'^-Hanwiucleara 

Text-Fig.  1.  Effect  on  the  blood  count  and  temperature  of  the  intratracheal 
inoculation  of  the  nasopharyngeal  secretions  from  Patient  26.  First  rabbit  pas- 
sage. The  rise  in  the  temperature,  the  leucopenia,  and  the  mononuclear  depression 
72  hours  after  inoculation  are  shown. 

Text-Fig.  2.  Second  rabbit  passage  of  material  from  Patient  26.  The  rise  in 
temperature,  the  leucopenia,  and  the  mononuclear  depression  24  hours  after 
inoculation  are  shown. 

Text-Fig.  3.  First  rabbit  passage  of  glycerolated  material  from  Patient  6.  The 
temperature  is  not  correspondingly  raised  as  shown  in  the  other  text-figures. 
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The  lung  tissue  of  the  preceding  rabbit  of  this  series  of  transmissions  was  stored 
in  SO  per  cent  sterile  glycerol  and  after  4  months  was  reinjected  into  rabbits.  The 
characteristic  clinical  reaction  and  pathological  eflfects  were  then  observed  in  five 
successive  rabbit  passages.  In  aU  instances  no  growth  was  obtained  in  aerobic 
cultures.    These  experiments  will  be  described  later. 

Protocols  3  and  4  indicate  that  the  filtered  nasopharyngeal  wash- 
ings of  early  cases  of  epidemic  influenza  induce  in  rabbits  when 
injected  intratracheally  the  peculiar  changes  in  the  lungs  and  the 
blood  which  have  been  previously  described'  and  are  regarded  as 
peculiar  and  as  related  to  that  epidemic  disease  in  man.  The  first 
effects  of  the  direct  inoculation  of  the  filtrates  were  noted  in  48  hours, 
but  after  the  first  animal  passage  they  were  observed  at  the  end  of 
24  hours.  However,  it  should  be  noted  that  while  filtrates  were 
employed  in  the  first  inoculations  the  unfiltered  lung  suspensions 
were  employed  in  the  transfer  from  rabbit  to  rabbit.  With  material 
from  Patient  24  the  passages  were  carried  through  only  two  animals, 
while  with  material  from  Patient  26  they  were  carried  through  seven 
successive  animals.  Moreover,  the  glycerolated  rabbit  lung  from 
this  series  preserved  its  activity  for  at  least  4  months. 

Experiments  on  Guinea  Pigs. 

The  next  set  of  experiments  was  carried  out  on  guinea  pigs,  the 
material  employed  for  inoculation  being  the  filtered  extracts  of  the 
lungs  of  rabbits  which  showed  the  t>'pical  lesions. 

Protocol  5. — Preliminary  examination  of  the  first  guinea  pig  gave  the  following 
results:  total  leucocytes  7,900,  of  which  2,686  were  mononuclears;  temperature 
39.6°C.;  weight  750  gm.  Apr.  15,  1919,  4.30  p.m.  Injected  into  lungs  through 
trachea  0.65  cc.  of  the  Berkefeld  N  filtrate  (sterile  by  aerobic  cultivation  tests) 
of  the  suspension  of  rabbit  lung  tissue.'"^  Apr.  16,  9.30  a.m.  Animal  sick;  tem- 
perature subnormal;  weight  725  gm.;  total  leucocytes  13,300,  of  which  1,862  were 
mononuclears.  Killed.  Only  the  distended  lungs  showed  lesions.  The  latter 
consisted  of  hemorrhages,  edema,  and  emphysema.  The  whole  surfaces  and,  on 
section,  the  interior  were  mottled  with  extravasated  blood.  The  microscopic  sec- 
tions showed,  besides  the  escape  of  blood  into  the  alveoli  and  bronchi,  edema, 
emphysema,  and  a  certain  degree  of  polymorphonuclear  exudation.  Aerobic 
cultures  and  films  showed  no  bacteria. 

^'  This  rabbit  represented  the  second  passage  of  the  nasopharyngeal  washings 
from  Patient  17,  an  influenza  case  described  in  the  previous  communication.' 
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Second  Passage. — The  lung  tissue  of  this  guinea  pig  was  filtered  through  a 
Berkefeld  V  candle,  and  0.5  cc.  of  the  filtrate,  sterile  by  aerobic  cultivation  tests, 
was  introduced  intratracheally  into  two  other  guinea  pigs.  One  of  the  guinea 
pigs  after  48  hours  developed  a  leucopenia  and  mononuclear  depression  which 
persisted  for  3  days,  and  was  followed  by  a  gradual  return  to  normal.  The  other 
animal,  which  showed  a  prompt  leucopenia,  was  killed  24  hours  after  inoculation. 
The  lung  lesions  resembled  those  of  the  rabbits  and  the  guinea  pig  of  the  first 
passage.     No  bacteria  were  obtained  on  aerobic  culture. 

The  material  from  the  lungs  of  this  guinea  pig  was  suspended  in  saline  solution 
and  injected  intratracheally  into  other  guinea  pigs  as  shown  in  Table  I. 

TABLE   I. 
Results  of  Intratracheal  Inoculation  of  Guinea  Pigs. 


Guinea 

pig 
passage. 

Material  inoculated 
intratracheally. 

Effect  on  blood. 

Remarks. 

Lung 
lesion. 

3rd 

0.75  cc.  of  lung  tissue  from 

Leucopenia   and  mononu- 

Allowed   to 

guinea  pig  of  2nd  pas- 

clear   depression    for   4 

recover. 

sage. 

days. 

3rd 

0.75  cc.  of  lung  tissue  from 
guinea  pig  of  2nd  pas- 
sage. 

Leucopenia   and   mononu- 
clear   depression    for    2 
days. 

Killed. 

TypicaL 

4tli 

0.75  cc.  of  lung  tissue  from 
guinea  pig  of  3rd  pas- 
sage. 

Leucopenia,  550  mononu- 
clears, on  3rd  day  after 

inoculation. 

U 

t€ 

5th 

0.75  cc.  of  lung  tissue  from 

Leucopenia   and   mononu- 

Allowed   to 

guinea  pig  of  4th  pas- 

clear   depression    for    2 

recover. 

sage. 

days. 

The  foregoing  experiments  with  guinea  pigs  indicate  that  these 
animals  respond  to  the  intratracheal  inoculation  of  materials  derived 
from  cases  of  acute  influenza  and  passed  through  the  lungs  of  rabbits 
very  much  as  rabbits  do.  No  tests  were  made  in  guinea  pigs  with 
nasopharyngeal  secretions  derived  directly  from  man. 


Effect  of  Glycerol  on  the  Active  Agent. 

Since  there  is  a  class  of  pathogenic  microorganisms  (vaccinia,  virus 
of  poliomyeHtis,  etc.)  which  is  resistant  to  glycerol,  it  was  decided  to 
test  the  action  of  glycerol  on  the  active  material,  or  agent,  in  the 
experiments  described. 
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As  a  routine  practice,  the  lung  tissue  derived  from  rabbits  was  cut  into  cubes 
measuring  0.5  to  1  cm.,  and  was  placed  in  sterile  50  per  cent  glycerol,  which  was 
stored  in  the  refrigerator  (4°C.).  When  the  glycerolated  tissue  was  to  be  used  for 
inoculation  it  was  cultured  for  sterility,  rendered  free  of  glycerol  by  washing  four 
times  in  normal  saline  solution,  and  suspended  as  previously  indicated.' 

Protocol  6. — Total  leucocytes  of  rabbit  12,225,  of  which  5,624  were  mononu- 
clears. Feb.  18,  1919.  Inoculated  intratracheally  with  3  cc.  of  suspension  of 
5  day  glycerolated  rabbit  lung  tissue,  corresponding  to  the  ninth  passage  of  the 
nasopharyngeal  secretions  from  Case  6,  an  influenza  patient.  Feb.  19.  Conjunc- 
tivitis. Leucocytes  decreased  to  9,125  and  mononuclears  to  2,099.  Feb.  20. 
Leucopenia  and  mononuclear  depression  continued,  as  shown  in  Text-fig.  3. 
Killed.  Lungs  showed  lesions  regarded  as  typical  and  no  growth  was  obtained  on 
aerobic  culture. 

Feb.  20.  3  cc.  of  the  suspension  of  the  lung  tissue  from  this  rabbit  were  in- 
jected intratracheally  into  another  rabbit  whose  normal  total  leucocytic  count 
was  13,375,  of  which  6,955  were  mononuclears.  Feb.  21.  Total  leucocytes  9,750, 
of  which  4,582  were  mononuclears.  A  loss  of  175  gm.  in  weight  accompanied 
the  leucopenia.  This  condition  endured  for  1  day,  the  animal  then  returning  to 
normal. 

Feb.  26.  A  rabbit  was  inoculated  with  3  cc.  of  the  suspension  of  rabbit  lung 
tissue  corresponding  to  the  second  passage  of  the  nasopharyngeal  secretions  from 
another  case,  Patient  11.'  In  24  hours  leucopenia  and  mononuclear  depression 
occurred,  and  persisted  for  3  days;  the  rabbit  then  returned  to  normal. 

These  experiments  were  preliminary  and  show  that  a  short  immer- 
sion for  5  days  in  glycerol  does  not  affect  the  activity  of  the  agent. 
Subsequently  lung  tissues  immersed  in  the  50  per  cent  glycerol 
for  longer  periods,  8  and  18  days,  4,  7,  9,  and  10§  months,  were 
tested.  Since  there  is  so  much  similarity  in  the  results  obtained  they 
are  summarized  in  Table  II. 

From  Table  II  it  will  be  noted  that  the  characteristic  reaction 
could  be  obtained  by  the  use  of  material  immersed  in  50  per  cent 
glycerol  for  periods  varying  from  8  days  to  9  months.  In  some 
instances  this  material  was  originally  derived  from  filtrates  of  lung 
tissue.  After  recovery  from  the  glycerolated  lung  tissue  the  active 
agent  was  transmitted  through  as  many  as  ten  successive  animals. 
The  lesions  in  the  lungs  of  a  rabbit  inoculated  with  material  exposed 
to  glycerol  are  shown  in  Fig.  4.  Affected  lung  tissue  exposed  to  the 
glycerol  for  10|  months  failed  in  two  series  of  experiments  to  yield  the 
agent  in  an  active  state. 
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TABLE   II. 
Results  of  Experiments  with  Glycerolated  Lung  Tissue. 


Series  No. 


6(Lung  tissue 
of  rabbit  of 
1st  passage 
of  Series  5 
refiltered.) 


Length 
of  ex- 
posure 
to  50 
per  cent 
glycerol. 

No.  of 
successive 
rabbits* 
which 
showed 
effects. 

days 

18 

10 

mos. 

9 

3 

lOJ 

0 

lOJ 

0 

7 

' 

7 

5 

days 

8 

3 

mos. 

4 

5 

4 

3 

Lung  lesioD. 


Typical  in  all. 


II      It    II 


None. 


Typical  in  all. 


It      It    tt 


Eflect  on  blood. 


Leucopenia  and  mononu- 
clear depression:  1st 
passage  after  72  hrs.; 
2nd  passage  after  48 
hrs.;  3rd  passage  and 
subsequently  after  24 
to  48  hrs. 

Leucopenia  and  mononu- 
clear depression:  1st 
passage  after  48  hrs.; 
2nd  passage  and  sub- 
sequently after  24  hrs. 

None. 
tt 

Leucopenia  and  mononu- 
clear depression  after 
24  to  48  hrs. 

Leucopenia  and  mononu- 
clear depression  with- 
in 24  hrs. 


Leucopenia  and  mononu- 
clear depression  after 
24  hrs. 

Leucopenia  and  mononu- 
clear depression:  1st 
passage  after  48  hrs.; 
2nd  passage  and  sub- 
sequently after  24  hrs. 

Leucopenia  and  mononu- 
clear depression  with- 
in 24  hrs. 


Nature  of 
material. 


Filtered. 


Unaltered. 


Filtered. 


Unfiltered. 


Filtered. 


*  The  number  represents,  as  a  rule,  the  discontinuance  of  the  ejcperiment  and 
not  the  cessation  of  the  activity  of  the  agent. 
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It  will  also  be  noted  that  the  action  on  the  circulating  blood  and 
Ixings  was  detected  usually  only  after  48  to  72  hours  in  the  first  pas- 
sages, and,  as  a  rule,  within  24  hours  in  the  subsequent  passages. 

SUMMARY. 

An  active  transmissible  agent  present  in  the  nasopharynx  in  early 
cases  of  influenza  has  been  found  to  produce  definite  and  character- 
istic clinical  reactions  and  pathological  effects  in  rabbits  as  already 
described  in  an  earlier  publication.' 

The  experiments  here  reported  indicate  that  this  active  agent  has 
the  following  properties. 

1.  The  agent  as  it  exists  in  the  nasopharyngeal  secretions  in  man, 
and  in  the  lungs  of  rabbits  injected  with  the  human  secretions,  passes 
through  Berkefeld  V  and  N  candles. 

2.  The  filtered  material  produces  the  same  effects  on  the  circulat- 
ing blood  and  on  the  lungs  of  rabbits  as  the  until tered  material. 

3.  The  peculiar  effects  described  as  arising  in  the  inoculated  rab- 
bit may  also  be  induced  in  guinea  pigs  inoculated  with  the  agent. 

.  4.  The  agent  responsible  for  the  reaction  on  the  blood  and  the 
lungs  of  rabbits  withstands  the  action  of  glycerol  in  a  sterile  50  per 
cent  solution,  for  periods  up  to  9  months.  The  question  must  be 
left  open  at  present  whether  the  agent  can  withstand  longer  contact 
with  the  chemical.  In  two  experiments  after  IO5  months  contact 
the  agent  induced  no  observable  changes  in  the  blood  and  lungs  of 
rabbits. 

EXPLANATION  OF  PLATES. 
Plate  32. 

Fig.  1.  First  rabbit  passage  of  filtered  material  corresponding  to  the  fourth 
animal  passage  of  the  nasopharyngeal  secretions  from  Patient  17  (Protocol  1). 
The  extensive  edema,  the  emphysema,  the  cellular  exudation  into  the  parenchyma, 
and  localized  hemorrhages  are  noteworthy.     X  230. 

Plate  33. 

Fig.  2.  Section  from  the  same  rabbit  as  Fig.  1.  This  section  shows  particu- 
larly the  number  of  localized  small  hemorrhages  and  the  hemorrhagic  extravasa- 
tion into  the  parenchyma.     X  230. 
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Plate  34. 

Fig.  3.  The  sixth  passage  of  the  nasopharyngeal  secretions  from  Patient  17. 
Rabbit  inoculated  with  filtered  material  (Protocol  2).  The  hemorrhages  and  the 
voluminous  condition  of  the  lungs  resulting  from  edema  and  emphysema  are 
noteworthy.    Natural  size. 

Fig.  4.  Rabbit  inoculated  with  the  lung  tissue  shown  in  Fig.  3  after  exposure 
to  50  per  cent  glycerol  for  18  days.  The  hemorrhages,  voluminous  condition  of  the 
lungs  resulting  from  the  edema  and  emphysema,  and  the  absence  of  pneumonic 
consolidation  are  shown.    Natural  size. 
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(Olitsky  and  Catcs:  Nasopharyngeal  secretions  from  influenza.     II.) 
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EXPERIMENTAL    STUDIES    OF   THE    NASOPHARYNGEAL 
SECRETIONS  FROM  INFLUENZA  PATIENTS. 

III.  Stxjdies  of  the  Concurrent  Infections. 

By  peter  K.  OLITSKY,  M.D.,  and  FREDERICK  L.  GATES,  M.D. 
(From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

Plate  35. 

(Received  for  publication,  December  13,  1920.) 

In  two  previous  communications  '■-  the  effects  produced  in  the  lungs 
and  blood  of  rabbits  through  the  intratracheal  injection  of  the  naso- 
pharyngeal secretions  from  patients  in  the  early  stages  of  uncompli- 
cated epidemic  influenza  were  described  and  traced  to  a  living  sub- 
stance not  of  the  nature  of  ordinary  bacteria.  Nevertheless,  ordinary 
bacteria  were  occasionally,  if  rarely,  encountered  in  the  lungs  in  the 
course  of  the  experiments,  in  which  case  the  lesions  of  the  lungs  and 
the  composition  of  the  blood  were  quite  different  from  those  observed 
in  the  absence  of  ordinary  bacteria.  Since  we  had  in  view  a  possible 
relation  of  the  active  substance  giving  rise  to  the  peculiar  effects 
observed  in  the  lungs  and  the  blood  to  the  etiological  agent  of  influenza, 
and  since  epidemic  influenza  in  man  so  commonly  predisposes  to  a 
variety  of  secondary  pulmonary  infections,  it  was  also  deemed  advis- 
able to  study  the  concurrent  ordinary  bacterial  invasions. 

The  subject  was  approached  from  two  points  of  view.  First,  the 
circumstances  under  which  ordinary  bacteria  accidentally  invaded 
the  lungs  in  the  course  of  the  transmission  experiments  were  con- 
sidered, and  second,  experimental  concurrent  infections  were  induced 
in  order  to  imitate  in  the  rabbit  the  operation  of  the  predisposing 
influences  of  influenza  leading  to  secondary  pulmonary  affections. 

As  previously  stated,  the  unfiltered^  or  filtered-  nasopharyngeal 
secretions  of  early  cases  of  epidemic  influenza  were  injected  into  the 

'  Olitsky,  P.  K.,  and  Gates,  F.  L.,  /.  Exp.  Med.,  1921,  xxxiii,  125. 
^Olitsky,  P.  K.,  and  Gates,  F.  L.,  /.  Exp.  Med.,  1921,  xxxiii,  361. 
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lungs  of  rabbits  by  way  of  the  trachea.'  With  unfiltered  secretions 
bacteria  present  in  the  nose  and  throat  would,  of  course,  be  carried 
into  the  lungs;  but  the  bacteria  often  disappeared  or  were  eliminated 
in  course  of  subsequent  transmission  experiments.  The  kinds  of 
bacteria  and  the  number  of  times  they  were  observed  in  the  various 
rabbit  and  guinea  pig  passages  were  as  follows : 

Pneumococcus  Type  IV 11 

"                    "    II  atypical 3 

Gram-negative,  hemoglobinophilic  bacillus 2 

B.  pyocyaneus 2 

"  bronchisepticus 2 

Micrococcus  calarrlialis 1 

B.  coli  communwr 1 

Streptococcus  viridans 1 

"            hmmolyticiis 1 

Gram-negative,  slender,  spore-bearing  bacillus 1 

Streptothrix 1 

There  was  no  regularity  in  incidence  or  species  of  the  microorgan- 
isms found  in  occasional  rabbit  passages  of  a  consecutive  series.  For 
example,  in  the  filtrate  series  of  ten  successive  passages  from  Case  I7,i 
the  fifth  passage  yielded  Pneumococcus  Type  IV,  the  seventh  and 
eighth  passages  Bacillus  pyocyaneus  *  and  the  tenth  passage  a  small, 
Gram-negative,  hemoglobinophilic  bacillus.  The  filtrate  series  of 
five  such  passages  of  glycerolated  material  derived  from  Patient  26 
yielded  a  Gram-negative,  long,  slender,  spore-bearing  bacillus  in 
the  fifth  passage,  while  the  glycerolated  series  of  ten  passages  of 
material  from  Case  17  yielded  in  the  tenth  passage  Bacillus  coli  com- 
munior  and  a  streptothrix.  All  the  remaining  passages  in  these  vari- 
ous series  were  sterile  in  the  ordinary  sense.  Obviously,  therefore, 
because  of  this  variety  the  infections  may  be  regarded  as  of  accidental 
nature.  In  general  these  bacteria  appeared  more  often  in  the  earlier 
passages  of  unfiltered,  and  in  the  later  passages  of  filtered  material. 

That  the  appearance  of  the  ordinary  bacteria  was  accidental  is 
shown  by  single  instances  of  bacterial  infection. in  several  series  of 

'  All  operations  were  performed  under  light  ether  anesthesia. 
^  The  occurrence  of  B.  pyocyaneus  was  the  result  of  faulty  technique  in  filtra- 
tion.^ 
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consecutive  animal  passages  otherwise  free.  Thus  in  the  glycerolated 
series  of  Case  17  only  the  tenth  passage  yielded  Bacillus  coli  cotn- 
munior  and  a  streptothrix,  while  the  filtrate  in  the  same  series  showed 
in  the  fifth  passage  only  Pneumococcus  Type  IV.  Again  the  glycero- 
lated filtrate  series  from  Patient  26  exhibited  in  the  fifth  passage  a 
Gram-negative,  spore-bearing  bacillus,  and  the  unfiltered  naso- 
pharyngeal washings  from  Case  11  yielded  in  the  third  passage 
Pneumococcus  Type  IV. 

In  the  instances  in  which  aerobic  bacteria  were  encountered  in  the 
first  passages,  the  suppression  of  the  bacteria,  as  already  alluded  to, 
could  often  be  effected  so  that  the  subsequent  passages  were  free  from 
them.  Thus  in  the  transmissions  of  the  nasopharyngeal  secretions 
from  Patient  6  the  first  passage  showed  Pneumococcus  Type  IV, 
while  in  the  second,  third,  and  fourth  passages  no  aerobic  micro- 
organisms were  found.  When,  therefore,  the  "influenzal  agent," 
if  it  may  be  so  designated  for  purposes  of  clearness,  was  present, 
its  peculiar  effects  could  be  recognized  in  the  lungs  and  blood.  The 
suppression  of  ordinary  bacteria  was  effected  as  follows:  The  ordinary 
bacteria  tended  to  induce  consolidation  and  even  abscess  of  the  lung 
and  often  remained  localized  in  these  areas.  The  influenzal  agent 
tended  to  diffuse  throughout  the  lung  tissue.  By  killing  the  animals 
early,  portions  of  the  lungs  could  be  selected  which  were  free  from 
ordinary  bacteria  and  yet  contained  the  active  agent  in  a  trans- 
missible state.  Of  the  seven  patients  whose  nasopharyngeal  secre- 
tions gave  rise  to  typical  effects  in  rabbits,  in  four  the  ordinary  bacteria 
present  in  the  washings  were  suppressed  completely  in  this  manner  so 
that  all  the  animals  inoculated  subsequently  remained  free  from  them. 

The  clinical  condition  of  the  rabbits  developing  concurrent  infec- 
tions tended  to  be  more  grave  than  that  of  rabbits  in  which  this  form 
of  infection  was  avoided.  The  conjunctivitis  was  purulent  instead 
of  catarrhal.  There  was  more  loss  of  weight,  and  often  the  animals 
were  prostrated  and  died  in  36  to  48  hours. 

The  blood  showed  a  greater  depression  of  the  leucocytes,  involving 
the  polymorphonuclear  cells  and  especially  the  mononuclear  cells  in 
the  animals  which  succumbed  acutely;  in  the  others  an  initial  depres- 
sion was  followed  in  24  to  48  hours  by  a  leucocytosis,  usually  a 
polymorphonucleosis. 
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The  patholop;ical  appearances  also  differed.  Whereas  in  the 
absence  of  ordinary  bacteria  the  lungs  showed  hemorrhagic  edema 
and  emphysema,  without  consolidation  and  pleuritis,  in  the  presence 
of  these  bacteria  a  pneumonic  consolidation  involving  one  or  more 
lobes  and  sometimes  actual  abscess  with  softening  of  the  tissues  arose. 
The  several  kinds  of  bacteria  mentioned  were  found  more  or  less 
abundantly  in  the  consolidated  areas. 

It  is  obvious,  therefore,  that  the  effects  of  materials  derived  from 
cases  of  influenza  in  man  on  the  lungs  and  the  blood  of  rabbits  are 
sharply  distinguished  according  as  common  kinds  of  bacteria  do  or 
do  not  multiply  in  the  lungs.  Under  the  former  circumstances  the 
ordinar}'  and  usually  severe  inflammatory  reaction  follows;  under  the 
latter  conditions  a  peculiar  hemorrhagic  edema  of  patchy  character 
arises  in  the  lungs,  and  the  blood  shows  a  marked  and  characteristic 
leucopenia  with  mononuclear  depression. 

Experimental  Concurrent  Infection. 

It  has  been  commonly  and  widely  noted  that  cases  of  influenza  in 
man,  imcomplicated  by  concurrent  infections  of  the  bronchi  and 
lungs,  tend  quickly  to  recover,  but  that  when  these  structures  are 
involved  in  ordinary  bacterial  infections  several  kinds  of  bacteria 
appear,  among  which  are  streptococci,  Pfeiffer  bacilli,  pneumococci, 
staphylococci,  and,  rarely,  meningococci  and  even  other  bacteria; 
in  this  event  the  disease  process  is  correspondingly  rendered  more 
intense.  The  impression  is  widespread  that  the  inciting  agent  of 
influenza,  whatever  it  may  be,  renders  the  lung  structures  more 
wilnerable  to  these  bacteria,  many  of  which  are  ordinarily  present 
in  the  nasopharynx  in  health.  Hence  the  question  at  once  arose 
whether  the  influenzal  agent  under  consideration  also  predisposed 
the  pulmonary  structures  to  such  concurrent  or  secondary  infections. 
A  series  of  experiments  was  devised  to  test  this  point.  The  first 
step  was  to  determine  the  effects  of  pure  cultures  of  the  several  bacteria 
alone. 
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Intratracheal  Inoculation  of  Bacteria. 

The  microorganisms  of  the  ordinary  kind  to  wliich  attention  was 
directed  were  a  T\-pe  IV  and  an  at>'pical  Type  II  pneumococcus, 
Bacilhis  pfeiferi,  and  Bacillus  bronchisepticus,  the  last  because  it  is 
a  common  inhabitant  of  the  upper  air  passages  of  the  rabbit. 

Pneumococcus. — The  strains  of  pneumococci  employed  were  freshly  isolated 
from  the  lungs  of  rabbits  used  in  the  transmission  experiments,  or  directly  from 
the  nasopharyngeal  washings  and  sputum  from  the  secondary  pneumonias  of 
cases  of  influenza,  or  from  the  normal  sputum  of  man. 

If  small  numbers  of  the  pneumococci  were  inoculated  intratracheally  in  rab- 
bits, the  blood  picture  remained  unchanged  for  2  to  4  days,  after  which  a  more  or 
less  pronounced  poljTnorphonuclear  leucocytosis  arose  which  lasted  for  2  to  4 
days,  when  the  blood  returned  to  normal.  Larger  doses  of  the  pneumococci 
led  to  a  prompt  pohinorphonucleosis,  a  bacterial  invasion  of  the  blood  stream, 
and  death.  The  lesions  present  in  the  lungs  and  pleura  consisted  of  consolidation 
and  exudate  similar  to  that  described  by  Lamar  and  Meltzer'  and  WoUstein  and 
Meltzer.*  Filtrates  from  these  consolidated  lung  tissues  were  without  pro- 
nounced effect  on  normal  rabbits  when  injected  intratracheally. 

B.  pfeijferi. — The  B.  pfeifferi  used  for  inoculation  was  obtained  from  lungs  of 
fatal  cases  of  influenza,  from  exploratory  thoracentesis,  and  from  the  sputum  of 
cases  of  influenza.  B.  pfeifferi  were  suspended  in  saline  solution  (12  to  60  billion 
per  inoculation)  and  injected  intratracheally.  Three  separate  strains  were 
injected.  The  passage  of  one  of  the  strains  through  two  rabbits  in  succession 
and  of  the  other  two  through  three  rabbits  was  attempted.  The  secondary 
passages  were  made  with  ground  and  suspended  lung  tissues  of  the  rabbits  pre- 
viously inoculated.  The  effect  of  the  injections  was  to  induce  a  leucocytosis 
which  was  generally  of  a  polymorphonuclear  t>'pe  and  was  still  present  at  the  end 
of  48  hours  when  the  animals  were  kiUed  in  order  to  observe  the  lung  lesions 
(Text-figs.  1  to  3).  Two  of  the  strains  induced  no  visible  lung  lesions;  the  third 
strain  seemed  to  set  up  a  pneumonic  consoUdation  from  which,  however,  not  B. 
pfeifferi  but  an  atypical  Pneumococcus  Type  II  was  isolated.  In  no  instance 
was  B.  pfeifferi  recovered  from  the  injected  lungs. 

The  toxic  extract  described  by  Parker'  was  injected  into  the  lungs  of  seven 
rabbits  in  doses  of  from  2  to  3  cc.  In  certain  rabbits  a  polymorphonucleosis 
was  set  up,  in  others  no  blood  changes  were  produced  (Text-fig.  4).  No  visible 
pulmonary  lesions  resulted. 

5  Lamar,  R.  V.,  and  Meltzer,  S.  J.,  J.  Exp.  Med.,  1912,  xv,  133. 
«  Wollstein,  M.,  and  Meltzer,  S.  J.,  J.  Exp.  Med.,  1913,  xvii,  353. 
'Parker,  J.  T,  J.  Immunol.,  1919,  iv,  331. 
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Text- Fig.  1. 


Text-Fig.  2. 


Text- Fig.  3. 


— 7Wa/  leurocytlc  count 

■^'Mononuclears 

••-PotyTjxirffiQnudears 

Text-JIg.  1.  Effect  on  the  blood  count  and  temperature  of  the  intratradieal 
inoculation  of  B.  pfeifferi.  First  rabbit  passage.  The  leucocytic  rise,  the  poly- 
morphonucleosis,  and  the  variable  temperature  reaction  are  noteworthy. 

Text-Fig.  2.  Effect  on  the  blood  count  and  temperature  of  the  intratracheal 
inoculation  of  B.  pfeifferi.  Second  rabbit  passage.  The  leucocytic  rise,  the 
polymorphonucleosis,  and  the  variable  temperature  reaction  are  noteworthy 

Text-Fig.  3.  Effect  on  the  blood  count  and  temperature  of  the  intratracheal 
inoculation  of  B.  pfeiferi.  Third  rabbit  passage.  The  leucoc}'tic  rise,  the  poly- 
morphonucleosis, and  the  variable  temperature  reaction  are  noteworthy. 
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In  other  words,  neither  B.  pfeifferi  nor  its  toxic  constituents  when  injected 
intratracheally  into  the  lungs  of  rabbits  induced  lung  or  blood  changes  similar  to 
those  described  for  the  influenzal  agent,  or  set  up  a  pneumonic  consolidation, 
or  led  directly  to  the  death  of  the  animals.  As  a  rule,  a  polymorphonuclear 
leucocytosis  without  distinctive  lung  lesions  was  produced. 

B.  hroncliiscpticus. — Small  doses  (one-fiftieth  of  the  18  hour  growth  on  a  stand- 
ard agar  slant)  induced  after  several  days  a  slowly  developing  polymorpho- 
nucleosis  and  leucocytosis  with  multiple  abscesses  and  necrosis  in  the  lungs; 
large  doses  (ten  times  as  much)  caused  acute  death. 

Experimental  Reproduction  of  Concurrent  Infections 

We  now  turned  to  the  experiments  on  concurrent  infection  with  the 
influenzal  agent  and  ordinary  bacteria.  To  review  the  main  points 
reached  or  at  issue  we  may  state  that  pneumococci,  Bacillus  pfeiferi 
or  its  poison,  and  Bacillus  bronchisepticus,  in  small  doses,  produce 
only  transient  effects  when  injected  intratracheally  in  rabbits,  and 
these  effects  differ  essentially  from  the  equally  transient  eft'ects 
induced  by  the  influenzal  agent.  It  was  next  proposed  to  ascertain 
whether  lungs  already  damaged  by  the  influenzal  agent  would  react 
differently  to  the  bacterial  inoculations.  The  method  employed  was 
to  introduce  the  influenzal  agent  into  the  lungs  and  then  to  inject  the 
bacteria  either  into  the  lungs  or  into  the  circulation.  The  latter 
route  was  adopted  as  a  severer  trial  of  the  concomitant  action,  even 
though  it  may  not  be  the  route  taken  in  the  ordinary  secondary  infec- 
tions of  the  lungs  in  man. 

Influenzal  Agent  Plus  Pneumococci. — May  31,  1919.  A  rabbit  was  injected 
intratracheally  with  2.5  cc.  of  a  suspension  of  glycerolated  lung  tissue  corre- 
sponding to  the  fourteenth  rabbit  passage  of  the  nasopharjTigeal  secretions 
from  Patient  17,  a  case  of  influenza.  June  1.  Conjunctivitis;  loss  of  weight 
(40  gm.);  leucopenia  (decrease  of  2,075  cells);  mononuclear  depression  (decrease 
of  612  cells).  June  2.  Injected  intravenously  with  5  million  Pneumococcus 
Tj'pe  IV^,  rabbit  strain.  June  3.  Temperature  39.5°C. ;  total  leucocytes  increased 
6,350  cells;  mononuclears  increased  4,904  ceUs.  June  4.  Temperature  40.5°C.; 
total  leucocytes  increased  2,875;  mononuclears  increased  54  cells.  Died.  The 
lungs  showed  consolidation  of  the  right  lower  lobe,  and  hemorrhage,  edema,  and 
emphysema  of  other  parts.  From  the  lung  and  spleen  Pneumococcus  Tj-pe  IV' 
was  isolated  in  culture. 
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Text-Fig.  4.  Inoculation  intratracheally  of  the  poison  of  B.  pfeifferi  as  pre- 
pared by  Parker's  method.    The  marked  polymorphonucleosis  is  shown. 

Text-Fig.  5.  Inoculation  of  a  rabbit  intratracheaUy  with  the  influenzal 
agent  followed  in  24  hours  by  an  intravenous  injection  of  pneumococci.  The 
depression  in  the  leucocytic  as  well  as  in  the  mononuclear  counts,  and  the  high 
temperature  are  noteworthy.  This  animal  was  moribund  when  killed,  and 
showed  lobar  consolidation,  which  yielded  pneumococci,  besides  the  typical 
lesions  of  the  influenzal  agent. 
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A  second  rabbit  (Text-fig.  5)  gave  an  identical  result. 

In  order  to  control  this  experiment  a  third  rabbit  was  injected  intratracheally 
with  3  cc.  of  a  suspension  of  normal  rabbit  lung  tissue  and  then  injected  intra- 
venously in  the  same  manner  as  the  preceding  rabbit  with  5  million  pneu- 
mococci.  Except  for  a  transient  leucocytosis  24  hours  after  the  first  injection, 
no  effects  were  noted.  The  animal  was  killed  2  days  after  the  injection  of  pneu- 
mococci.    The  lungs  and  other  organs  appeared  normal.* 

Influenzal  Agent  Plus  Streplococcus  viridans  or  B.  pfeifferi. — Experiments 
modeDed  precisely  on  those  described  for  the  pneumococcus  were  carried  out  with 
B.  pfeifferi  and  Streptococcus  viridans.  In  each  instance  24  hours  after  the  intra- 
tracheal injection  of  the  influenzal  agent,  a  standard  agar  slant  growth  of  Strep- 
tococcus viridans  or  one-half  of  such  a  growth  of  B.  pfeifferi  suspended  in  saUne 
solution  was  injected  intravenously.  Preceding  the  intravenous  injections  the 
characteristic  blood  changes  due  to  the  agent  were  present.  The  animals  injected 
with  the  streptococcus  usually  succumbed  on  the  3rd  day  and  showed  a  massive 
consolidation  of  the  lungs  with  fibrinous  pleuritis.  Cultures  from  the  lung 
tissue  yielded  an  abundant  growth  of  Streptococcus  viridans.  A  control  rabbit 
given  normal  lung  tissue  suspension  intratracheally  and  the  streptococci  intra- 
venously was  killed  after  3  days,  and  at  autopsy  failed  to  show  lung  changes.  No 
growth  of  the  streptococcus  was  obtained  from  the  lung  tissue. ' 

The  combined  influenzal  agent  and  B.  pfeifferi  injections  set  up  a  broncho- 
pneumonic  consohdation  of  one  or  more  pulmonary  lobes,  and  a  hemorrhagic 
edema  of  the  remainder  of  the  lung.  The  cultures  yielded  abundant  B.  pfeifferi. 
A  control  rabbit  injected  intratracheally  with  normal  lung  suspension  and  intra- 
venously with  B.  pfeifferi  showed  a  transient  polymorphonuclear  leucocytosis. 
The  lungs  were  not  visibly  altered. 

These  severe  tests  showed  the  conditions  under  which  concurrent 
infections  arose  experimentally  in  the  rabbit.  A  method  was  next 
employed  in  rabbits  which  imitated  more  closely  the  manner  of 
development  of  secondary  infections  in  influenza  in  man. 

'  Larger  or  fatal  doses  of  virulent  pneumococci  injected  intravenously  resulted 
in  a  generalized  pneumococcic  septicemia  in  rabbits  inoculated  intratracheally 
with  normal  rabbit  tissue;  all  organs,  including  the  lungs,  were  congested  and 
yielded  the  pneumococcus  on  culture.  The  rabbits  inoculated  intratracheally  with 
the  influenzal  agent,  however,  in  similar  procedures  showed  definite  localization 
of  the  bacterial  infection  in  the  lungs — fibrinous  and  exudative  pleuritis,  and 
consohdation — besides  the  involvement  of  other  organs. 

'  In  the  case  of  Streptococcus  viridans  an  experiment  was  also  made  in  which 
these  bacteria  were  injected  intravenously  4  hours  before  the  intratracheal  inocu- 
lation of  the  influenzal  agent.    The  results  were  similar. 
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Influenzal  Agent  Injected  Inlratracheally  with  Pneumococcus  Type  I V ,  Streptococ- 
cus viridans,  or  B.  pfeifferi. — ^A  series  of  rabbits  was  injected  intratracheally 
with  the  influenzal  agent  together  with  small  non-pathogenic  doses  of  Pneu- 
mococcus Type  IV,  Streptococcus  inridans,  or  B.  pfeifferi.  These  experiments, 
properly  controlled,  showed  that  effects  were  produced  similar  to  those  obtain- 
ed when  these  bacteria  were  injected  intravenously;  namely,  more  or  less 
extensive  consolidation,  either  lobar  or  bronchial,  and  from  the  affected  lungs 
the  same  kind  of  microorganisms  which  were  inoculated  were  recovered  in  pure 
culture,  while  the  remainder  of  the  lungs  showed  the  hemorrhagic  edema  with 
emphysema  characteristic  of  the  influenzal  agent  (Figs.  1  and  2). 

The  experiments  just  given  have  an  important  bearing  on  the  sub- 
ject of  this  study  since  they  show  that  the  intratracheal  injection 
of  the  influenzal  agent  in  rabbits  exerts  an  influence  on  the  pulmonary 
structures  of  these  animals  of  a  nature  to  encourage  the  invasion  of 
the  Ivmg  and  the  subsequent  multiplication  there,  with  lethal  outcome, 
of  such  bacteria  as  the  pneumococcus,  streptococcus,  and  Bacillus 
■pfcijjeri,  which  otherwise,  in  the  doses  employed,  are  without  marked 
effect.  The  control  experiments  show  that  the  injection  of  normal 
rabbit  lung  exerts  no  such  predisposing  influence.  While  the  experi- 
ments are  perhaps  not  an  exact  reproduction  of  the  conditions 
occurring  in  man  in  secondary  pneumonia  following  influenza  they 
bear  directly  on  these  conditions.  *■ 

CONCLUSIONS. 

1.  Concurrent  infections  in  the  experiments  described  may  be 
regarded  as  of  accidental  nature  and  are  not  causally  related  to  the 
typical  effects  induced  in  rabbits  by  a  material  wholly  free  from 
ordinary  bacteria. 

2.  The  influenzal  agent  exerts  an  effect  on  the  pulmonary  tissue 
which  encourages  the  invasion  of  the  lung  and  subsequent  multi- 
plication there  of  ordinary  bacteria,  such  as  the  pneumococcus, 
streptococcus,  and  Bacillus  pfeifferi. 

3.  A  similarity  is  beUeved  to  exist  between  the  conditions  under 
which  concurrent  infections  arose  in  the  inoculated  rabbits  and  those 
which  seem  to  favor  the  occurrence  of  concurrent  infections  during 
epidemic  influenza  in  man.  In  no  instance  did  death  occur  in  the 
rabbits  as  a  result  of  the  uncomplicated  effects  of  the  influenzal 
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agent  alone.  When  death  occurred  in  any  of  the  inoculated  animals 
concurrent  infection  of  the  lungs  by  ordinary  bacteria  was  present. 
The  microorganisms  most  commonly  met  with  under  these  conditions 
were  Pneumococcus  Type  IV  and  atypical  Type  II,  streptococci, 
and  hemoglobinophilic  bacilli.  Other  kinds  were  encountered  less 
often. 

EXPLANATION  OF  PLATE  35. 

Fig.  1.  The  influenzal  agent  with  small  numbers  of  Pneumococcus  Type  IV  was 
inoculated  intratracheally  in  a  rabbit.  The  right  lung  shows  the  typical  effects 
of  the  influenzal  agent;  it  is  voluminous,  emphysematous,  edematous,  and  hemor- 
rhagic. The  left  lung  shows  massive  lobar  consolidation  (red  hepatization)  and 
yielded  on  culture  a  profuse  growth  of  the  pneumococci.     Natural  size. 

Fig.  2.  The  influenzal  agent  with  B.  pfeijferi,  both  ordinarily  without  effect 
by  themselves,  was  inoculated  intratracheally  in  a  rabbit.  The  left  lung  shows 
the  typical  effects  of  the  influenzal  agent;  it  is  voluminous,  emphysematous, 
edematous,  and  hemorrhagic.  The  right  lung  shows  patchy  consolidation  (bron- 
chopneumonia) and  yielded  on  culture  B.  pfeijferi.    Natural  size. 
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STUDIES  ON  MEASLES. 
I.  Susceptibility  of  Monkeys  to  the  Virus  of  Measles. 

By  FRANCIS  G.  BLAKE,  M.D.,  and  JAMES  D.  TRASK,  Jr.,  M.D. 
{From  the  Hospital  of  The  Rockefeller  Institute  for  Medical  Research) 

Plate  36. 

(Received  for  publication,  November  5,  1920.) 

INTRODUCTION. 

Measles  occupies  a  prominent  position  among  the  acute  infectious 
diseases  that  lead  to  severe  and  not  infrequently  fatal  secondary 
infections  of  the  respiratory  tract.  Efforts  to  control  this  serious 
effect  of  measles  are  at  present  directed  almost  wholly  toward  the 
prevention  of  the  secondary  infections  by  means  of  isolation  and 
careful  treatment  of  the  patient,  and  while  they  have  met  with  a 
certain  degree  of  success,  the  results  obtained  are  still  far  from  satis- 
factory'. A  more  hopeful  solution  of  the  problem  would  appear  to 
lie  in  the  prevention  of  measles  itself. 

Long  experience  has  shown  that  the  prevention  of  measles  by  strict 
quarantine  is  largely  inadequate  because  of  the  contagiousness  of 
the  disease  during  the  prodromal  period.  There  would  appear  to  be, 
however,  more  than  a  theoretical  possibility  that  prevention  may  be 
accomplished  by  protective  inoculation.  This  will  ob\T[ously  require 
isolation  of  the  \irus  of  measles,  or  at  least  the  development  of  a 
method  of  handling  the  \'irus  in  pure  form,  whether  it  is  actually 
identified  under  the  microscope  and  in  the  culture  tube  or  not.  Much 
work  has  already  been  done  in  this  direction,  both  by  culture  study 
and  by  attempted  transmission  of  the  virus  to  animals.  The  former 
method  has  not  yet  yielded  positive  results.  WTiether  the  trans- 
mission of  the  v-irus  to  animals  has  been  successfully  accomplished 
has  remained  an  open  question  because  of  the  conflicting  results 
obtained  by  different  investigators  and  because  of  the  somewhat 
indefinite  and  limited  criteria  that  have  been  rehed  upon  as  evidence 
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of  a  positive  transmission.  In  undertaking  a  study  of  measles  it 
has  seemed  desirable,  therefore,  to  determine  at  the  outset  whether 
more  conclusive  evidence  concerning  the  susceptibility  of  animals  to 
the  virus  of  the  disease  might  not  be  obtained. 

This  paper  presents  the  results  of  experiments  so  far  conducted  on 
the  transmission  of  measles  from  man  to  monkeys  and  the  passage 
of  the  infection  from  monkey  to  monkey.  The  symptomatology  and 
pathology  of  the  reaction  produced  will  be  presented  in  greater  detail 
in  a  subsequent  paper.' 

LITERATURE. 

The  more  recent  experiments  upon  the  transmission  of  measles  to  monkeys 
date  from  the  work  of  Anderson  and  Goldberger^  and  are  largely  based  upon 
Hektoen's'  earlier  report  of  having  successfully  transmitted  measles  from  man 
to  man  by  the  subcutaneous  injection  of  ascites  broth  blood  cultures  from  patients 
in  the  early  eruptive  stage  of  the  disease.  The  former  authors  claim  to  have 
transmitted  the  virus  of  measles  to  monkeys  in  a  considerable  number  of  instances 
by  the  use  of  whole  defibrinated  blood,  blood  serum,  and  washed  corpuscles  from 
cases  of  measles  in  the  preemptive  or  early  eruptive  stages  of  the  disease.  Intra- 
peritoneal, intracerebral,  intravenous,  and  subcutaneous  routes  of  inoculation 
were  employed  with  apparently  equal  success.  Transmission  was  also  accom- 
plished by  subcutaneous  injection  of  nasopharyngeal  secretions  collected  in  the 
prodromal  and  early  eruptive  stages,  and  further  transmission  from  monkey  to 
monkey  was  carried  through  six  passages.  The  evidence  of  a  positive  transmis- 
sion consisted  in  a  moderate  febrile  reaction  of  inconstant  character  coming  on 
after  an  incubation  period  var>'ing  from  6  to  21  days,  accompanied  in  some 
instances  by  an  erythematous  or  maculopapular  rash  of  variable  character  with 
or  without  symptoms  of  rhinitis.  No  mention  is  made  of  Koplik  spots,  of  blood 
counts,  or  of  histological  examination  of  the  skin  or  mucous  membranes.  It  seems 
probable  that  Anderson  and  Goldberger  succeeded  in  transmitting  the  virus  of 
measles  to  monkeys  in  certain  of  their  experiments,  but  the  evidence  which  they 
present  is  not  entirely  conclusive. 

NicoUe  and  Conseil''  using  sLmOar  methods  have  also  reported  the  successful 
transmission  of  the  virus  of  measles  from  man  to  monkey  and  its  further  passage 

1  Blake,  F.  G.,  and  Trask,  J.  D.,  Jr.,  J.  Exp.  Med.,  1921,  xxxiii,  413. 

2  Anderson,  J.  F.,  and  Goldberger,  J.,  Pub.  Health  Rep.,  U.  S.  P.  H.,  1911,  xxvi, 
847,  887;  /.  Am.  Med.  Assn.,  1911,  Ivii,  113.  Goldberger,  J.,  and  Anderson,  J. 
F.,  /.  Am.  Med.  Assn.,  1911,  Ivii,  476.  Anderson,  J.  F.,  and  Goldberger,  J.,  J. 
Am.  Med.  .4ssn.,  1911,  Ivii,  1612. 

3  Hektoen,  L.,  /.  Infect.  Dis.,  1905,  ii,  238. 

*  Nicolle,  C.,  and  Conseil,  E.,  Compt.  rend.  Acad.,  1911,  cliii,  1522;  Compt.  rend. 
Soc.  bioL,  1920,  Ixxxiii,  56. 
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from  monkey  to  monkey.  Except  for  an  elevation  of  temperature  after  an  incu- 
bation period  of  8  to  11  days  no  symptoms  of  measles  are  mentioned  as  having 
been  observed  in  the  inoculated  monkeys. 

Hektoen  and  Eggers,*  TunnicIifF,^  and  Lucas  and  Prizer'  have  studied  the  leu- 
cocyte reaction  in  monkeys  inoculated  with  blood  from  measles  patients  and 
have  shown  that  a  fall  in  the  total  leucocyte  count  takes  place.  These  authors, 
however,  present  httle  definite  evidence  that  the  monkeys  were  infected  with  the 
virus  of  measles. 

Jurgelunas'  inoculated  three  monkeys  with  defibrinated  blood  and  five  mon- 
keys with  secretions  of  the  respiratory  tract  from  cases  of  measles.  He  also 
exposed  two  monkeys  for  5  days  to  active  cases  of  measles  in  a  hospital  ward. 
None  of  the  animals  showed  any  evidence  of  infection  with  the  virus  of  measles. 

Sellards  and  Wentworth'  and  SeUards'"  have  recently  carried  out  a  series  of 
inoculation  experiments  in  both  monkeys  and  man.  Five  monkeys  were  inten- 
sively inoculated  with  large  amounts  of  blood  from  preeruptive  and  early  eruptive 
cases  of  measles.  The  results  were  negative.  Eight  susceptible  human  volun- 
teers were  inoculated  with  blood  from  cases  of  measles  in  the  prodromal  or  early 
eruptive  stages.     None  of  the  men  showed  any  evidence  of  measles. 

Although  according  to  the  literature,  as  Sellards  has  pointed  out,  most  of  the 
important  symptoms  of  measles  have  been  described  in  inoculated  monkeys,  it 
is  striking  that  no  single  investigator  has  obtained  all  the  features  in  any  one 
animal  or  even  in  a  series  of  animals,  and  that  no  single  symptom  has  appeared 
with  constancy.  The  periods  of  incubation  var>'  widely,  the  temperature  reac- 
tions are  inconstant,  Kophk  spots  have  been  noted  only  by  Lucas  and  Prizer, 
the  rashes  described  are  variable  in  character  and  frequently  lacking,  and  there 
is  disagreement  in  regard  to  the  character  of  the  leucocyte  reaction. 

EXPEIUMENTAL. 

In  attempting  to  determine  the  susceptibility  of  monkeys  to  the 
virus  of  measles  it  seemed  desirable  at  the  outset  to  utilize  a  method 
that  presumably  would  afford  the  optimmn  opportimity  for  successful 
transmission;  namely,  the  use  of  a  comparatively  large  amount  of 
material  believed  to  contain  the  virus  of  measles  and  the  inoculation 

.=  Hektoen,  L.,  and  Eggers,  H.  E.,  /.  Am.  Med.  Assn.,  1911,  Ivii,  1833. 

^  TunnicUff,  R.,  /.  Infect.  Dis.,  1912,  xi,  474. 

'  Lucas,  W.  P.,  and  Prizer,  E.  L.,  J.  Med.  Research,  1912-13,  xxvi,  181. 

'  Jurgelunas,  A.,  Centr.  BakL,  lie  AM.,  Orig.,  1914,  Ixxii,  483. 

'  Sellards,  A.  W.,  and  Wentworth,  J.  A.,  Bull.  Johns  Hopkins  Hasp.,  1919, 
XXX,  57. 
'"  Sellards,  A.  W.,  Bull.  Johns  Hopkins  Hasp.,  1919,  x,xx,  257,  311. 


388  STUDIES  ON  MEASLES.      I 

of  this  material  by  the  natural  path  of  infection.  This  method  might 
be  expected  to  afford  not  only  the  best  opportunity  for  successful 
transmission,  but  also  a  greater  probability  that  the  reaction  of  the 
animal  to  the  virus  would  more  closely  conform  to  the  course  of 
measles  as  it  occurs  in  man.  Clinical  observation  has  indicated 
beyond  reasonable  doubt  that  the  virus  of  measles  is  abundantly 
present  in  the  secretions  of  the  respiratory  tract  during  the  pre- 
emptive and  early  eruptive  stages  of  the  disease  and  that  the  respira- 
tory mucous  membrane  is  the  natural  path  of  entry  of  the  virus. 
The  method  used  in  the  preliminary  experiments,  therefore,  consisted 
in  inoculation  of  the  mucous  membranes  of  the  respiratory  tract  with 
imfiltered  nasopharyngeal  secretions  of  patients  in  the  early  stages 
of  measles.  The  secretions  were  collected  by  irrigation  of  the  naso- 
pharynx with  20  to  40  cc.  of  sterile  0.85  per  cent  salt  solution.  Mon- 
keys were  inoculated  with  5  to  10  cc.  of  the  nasopharyngeal  washings 
by  intratracheal  injection  in  order  to  facilitate  retention  by  the  animal 
of  as  much  of  the  material  as  possible.  WTien  as  much  as  5  to  10  cc. 
was  injected  a  small  amoimt  was  commonly  regurgitated  and  spread 
itself  over  the  mucous  membranes  of  the  buccal  and  nasal  cavities. 

It  is  appreciated  that  this  method  is  open  to  criticism  on  the 
ground  that  many  other  organisms  beside  the  virus  of  measles 
were  inevitably  introduced  into  the  trachea.  It  was  felt,  however, 
that  in  most  instances  these  organisms,  being  largely  saprophytic, 
would  be  promptly  disposed  of  by  the  nonna!  respiratory  mucous 
membrane  and  would  not  interfere  with  the  ultimate  result  of  the 
experiment.  It  furthermore  seemed  probable  that  other  methods 
free  from  the  foregoing  objection  could  more  satisfactorily  be  carried 
out  after  the  susceptibility  of  the  monkey  to  the  supposed  virus  of 
measles  had  been  demonstrated  and  the  criteria  necessary  to  estabhsh 
a  positive  transmission  had  been  learned.  This  objection  has  been 
met  in  subsequent  experiments  by  the  use  of  filtered  nasopharjmgeal 
washings  and  of  blood  shown  to  be  free  from  ordinary  bacteria  by 
culture  tests. 

The  methods  of  study  after  inoculation  consisted  in  daily  observa- 
tion of  symptoms  and  inspection  of  the  skin,  conjunctivae,  and  mucous 
membranes  of  the  mouth,  in  the  recording  of  morning  and  evening 
temperature  (rectal),  and  daily  counts  of  the  white  blood  corpuscles. 
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Blood  cultures  were  made  at  irregular  intervals  in  a  variety  of  media 
(aerobic  and  anaerobic)  both  during  the  incubation  period  and  during 
the  disease  in  order  to  exclude  as  far  as  possible  the  presence  of  pos- 
sible intercurrent  infections  resulting  from  the  introduction  of  extrane- 
ous organisms  into  the  trachea,  or  occurring  independently  from  other 
sources.  Finally,  small  sections  of  skin  were  excised"  in  nearly  all 
animals  during  the  course  of  the  exanthem  in  order  to  determine  the 
histological  character  of  the  lesion.  All  animals  were  observed  for 
a  period  of  at  least  3  weeks  after  inoculation  before  being  discarded 
as  negative.  The  evidence  for  a  positive  transmission  has  depended, 
as  in  the  cHnical  diagnosis  of  measles,  upon  the  development  of  the 
characteristic  symptoms  and  lesions  of  the  disease,  the  temperature 
and  leucocyte  counts  having  been  recorded  merely  as  additional  data 
and  not  as  evidence  of  a  successful  inoculation. 

Direct  Transmission  of  the  Virus  of  Measles  from  Man  to  Monkeys. 

Of  ten  monkeys  inoculated  with  nasopharyngeal  washings  from 
seven  patients  with  measles,  eight  after  an  incubation  period  of  6 
to  10  days  developed  symptoms  closely  resembhng  those  of  measles 
in  man.  Of  the  two  monkeys  which  failed  to  develop  symptoms  of 
measles,  one  contracted  a  Pneumococcus  Type  IV  pneumonia  with  a 
severe  pneumococcus  septicemia  24  hours  after  inoculation  and  died 
on  the  8th  day,  while  the  other  failed  to  show  sufficiently  definite 
symptoms  to  warrant  a  positive  diagnosis  and  was  discarded  as 
negative  after  24  days  observation.  The  details  of  the  experiments 
in  which  a  positive  transmission  was  obtained  follow. 

In  the  first  two  experiments  monkeys  were  inoculated  intra- 
tracheally  with  unfiltered  nasopharyngeal  washings.  In  the  first 
instance  the  secretions  were  collected  from  the  patient  about  1  hour 
after  the  first  appearance  of  the  exanthem,  in  the  second  6  days  before 
the  exanthem  appeared. 

Experiment  I. — Moiikey  2  (Text-fig.  1,  <j);  Macacus  rhesus.  Mar.  24,  1920. 
Intratracheal  injection  of  10  cc.  of  unfiltered  nasopharyngeal  washings  collected 
from  measles  patient,  Case  1,  about  1  hour  after  the  first  appearance  of  the  exan- 
them. Cultures  of  the  washings  showed  Micrococcus  catarrlmlis,  Streptococcus 
viridans,  B.  influenza,  Staphylococcus  pyogenes  aureus,  and  diphtheroid  baciUi. 

"  This  was  always  done  under  anesthesia. 
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Text-Fig.  1,  a  and  h.  Observations  on  monkeys  inoculated  with  unfiltered 
nasopharyngeal  washings  from  patients  with  measles,  (o)  Monkey  2,  Case  1. 
(6)  Monkey  3,  Case  2. 
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The  monkey  remained  well  and  active  until  the  6th  day  when  the  temperature 
rose  to  104.7°  F.  and  remained  elevated  for  5  days.  The  leucocyte  count  fell 
on  the  6th  day  and  remained  low  for  5  days.  On  the  9th  day  the  animal  became 
less  active;  there  was  photophobia,  and  a  small,  bright  red  macule  appeared  on  the 
mucous  membrane  of  the  left  lower  gum.  Blood  culture  showed  no  growth.  On 
the  10th  day  drowsiness  was  quite  marked;  two  more  discrete,  erythematous  spots 
were  present  on  the  labial  mucous  membrane  and  a  rash  consisting  of  small,  dis- 
crete, red  maculopapules  which  faded  out  on  pressure  appeared  on  the  forehead, 
cheeks,  and  neck.  On  the  11th  day  the  exanthem  was  more  prominent  but  had 
not  spread  to  other  parts  of  the  skin.  The  small  hyperemic  spots  on  the  labial 
mucous  membrane  were  more  numerous  but  not  coalescent.  On  the  12th  day 
the  enanthem  was  fading  and  the  e.xanthem  was  less  marked;  by  the  13th  it  had 
disappeared  without  definite  pigmentation  or  desquamation  and  the  animal  again 
appeared  well  and  active. 

Experiment  2. — Monkey  3  (Text-fig.  1,  J);  Macacus  rhesus.  Mar.  24,  1920. 
Intratracheal  injection  of  10  cc.  of  unfiltered  nasopharyngeal  washings  collected 
from  measles  patient,  Case  2,  6  days  before  the  appearance  of  the  exanthem. 
Cultures  of  the  washings  showed  Streptococcus  viridans,  B.  influenzcr,  Siuphylococcus 
pyogenes  albus,  Staphylococcus  pyogenes  aureus,  and  diphtheroid  baciUi.  The  ani- 
mal remained  well  and  active  for  10  days.  On  the  11th  day  it  appeared  quiet; 
the  conjunctiva  were  markedly  congested;  a  small,  bright  red  macule  appeared 
on  the  mucous  membrane  of  the  upper  lip,  and  in  the  afternoon  a  few,  small,  red, 
discrete  maculopapules  appeared  on  the  forehead  and  cheeks.  On  the  12  th  day 
the  conjunctivitis  was  more  marked;  there  was  a  moderate,  erythematous,  granu- 
lar rash  on  the  mucous  membrane  of  the  lips  and  an  abundant,  bright  red,  maculo- 
papular  exanthem  over  the  entire  face,  in  places  nearly  confluent.  On  the  13th 
day  the  animal  was  weak  and  drowsy;  the  exanthem  had  spread  to  the  flexor  sur- 
faces of  the  arms,  forearms,  and  thighs.  On  the  14th  day  the  rash  had  begun  to 
fade.  During  the  4  following  days  it  gradually  disappeared;  first  from  the  arms 
and  legs  and  finally  from  the  face.  By  the  19th  day  it  had  entirely  gone,  leaving 
only  a  yellowish  brown  pigmentation  which  lasted  for  several  days  and  then  cleared 
up.  No  desquamation  was  noted.  The  animal  showed  a  well  defined  febrile 
reaction  from  the  11th  to  16th  days  coincident  with  the  other  symptoms.  The 
leucocyte  count  was  low  from  the  9th  to  14th  days.  On  the  3rd  day  of  the  exan- 
them small  pieces  of  skin  were  excised  from  the  face,  left  arm,  and  left  thigh.  AH 
show  the  characteristic  histology  of  the  measles  exanthem,  consisting  of  a  prolifer- 
ative and  exudative  reaction  about  the  capillaries  in  the  corium.  The  endothelial 
cells  of  the  capUlary  walls  are  swollen,  and  numerous  endothelial  leucocytes  are 
present  about  the  capillaries.  A  moderate  number  of  these  cells  are  in  mitosis, 
indicating  an  active  multiplication.  A  few  eosinophils,  polymorphonuclear  leuco- 
cytes, and  lymphocytes  are  also  present  in  the  pericapiUary  exudate.  There  are  a 
few  small  foci  of  exudative  and  degenerative  changes  in  the  epidermis.  At  these 
points  the  epithelial  cells  are  swollen  and  vacuolated,  and  occasionally  show  evi- 
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dence  of  necrosis.    Similar  changes  are  seen  in  small  groups  of  cells  in  the  hair 
sheaths  and  sebaceous  glands  that  lie  adjacent  to  the  capillary  lesions. 

In  the  next  experiment  two  monkeys  were  inoculated  intratracheally 
with  the  pooled  nasopharyngeal  washings  from  two  patients  in  the 
prodromal  stage  of  measles  3  days  before  the  appearance  of  the 
exanthem.  One  monkey  received  unfiltered  washings,  the  other  a 
portion  of  the  same  washings  after  filtration  through  a  new  Berkefeld 
N  filter. 

Experimenl  3. — Monkey  5  (Text-fig.  2,  a)\  Macacus  rhesus.  Apr.  9,  1920. 
Intratracheal  injection  of  10  cc.  of  pooled  unfiltered  nasopharyngeal  washings 
collected  from  measles  patients,  Cases  3  and  4,  3  days  before  the  appearance  of 
the  exanthem.  Cultures  of  the  washings  showed  Staphylococcus  pyogenes  albus, 
Micrococcus  catarrlmlis,  Streptococcus  viridans,  and  diphtheroid  bacilh.  The 
monkey  remained  free  from  symptoms  for  6  days.  On  the  afternoon  of  the  7th 
day  it  appeared  quiet  and  drowsy  and  shivered  at  times.  On  the  8th  day  two  small, 
hj'peremic  spots  appeared  on  the  mucous  membrane  of  the  upper  lip.  On  the 
10th  day  the  conjunctivae  were  slightly  congested  and  a  red,  punctate,  granular 
rash  was  present  on  the  labial  mucous  membrane.  On  the  1 1th  day  a  well  defined 
rash  consisting  of  small,  discrete,  red  maculopapules  had  appeared  on  the  forehead, 
cheeks,  sides  of  neck,  upper  chest,  lower  abdomen,  and  inside  of  thighs.  The 
conjunctivitis  remained  the  same;  the  enanthem  was  more  marked.  On  the  12th 
day  the  exanthem  was  more  abundant;  the  individual  maculopapules  were  larger, 
and  fresh  spots  had  appeared  over  the  shoulders.  The  enanthem  was  fading. 
The  exanthem  rapidly  faded  on  the  2  following  days.  By  the  ISth  day  the  animal 
had  completely  recovered.  No  pigmentation  or  desquamation  was  noted.  There 
was  a  well  defined  leucopenia  from  the  7th  to  15th  days.  Blood  cultures  made  on 
the  4th  and  7th  days  showed  no  growth.  Sections  of  skin  removed  from  the 
face  and  thigh  on  the  2nd  day  of  the  exanthem  show  the  characteristic  histology  of 
measles. 

Monkey  6  (Text-fig.  2,  b);  Macacus  rhesus.  Apr.  9,  1920.  Intratracheal  injec- 
tion of  10  cc.  of  pooled,  filtered  (Berkefeld  N,  20  minutes,  640  mm.  vacuum)  naso- 
phar)'ngeal  washings  collected  from  measles  patients.  Cases  3  and  4,  3  days  before 
the  appearance  of  the  exanthem.  Aerobic  and  anaerobic  cultures  of  the  filtrate 
showed  no  growth  during  2  weeks  incubation  except  in  one  of  four  anaerobic 
tissue  ascites  fluid  tubes  in  which  a  small  Gram-negative  bacillus,  presumably  a 
contaminant,  appeared.  The  monkey  remained  well  and  active  for  7  days.  On 
the  8th  day  it  showed  a  moderate  conjunctivitis  which  had  increased  on  the 
following  day.  On  the  10th  day  the  mucous  membranes  were  congested  and 
showed  a  moderate,  hyperemic,  punctate  rash  on  the  Ups.  On  the  12th  day  a 
few,  small,  discrete,  red  maculopapules  came  out  on  the  forehead,  left  cheek,  and 
front  of  the  neck.    On  the  13th  day  there  was  a  well  marked,  though  sparse, 
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Text-Fig.  2,  a  and  h.  Observations  on  monkeys  inoculated  with  pooled  naso- 
pharyngeal washings  from  measles  patients,  Cases  3  and  4.  (a)  Monkey  5,  unfil- 
tered  washings.     (6)  Monkey  6,  filtered  washings. 
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exanthem  on  the  forehead,  cheeks,  and  neck,  and  fresh  maculopapules  had 
appeared  on  the  lower  abdomen.  On  the  14th  day  the  enanthem  had  disappeared 
and  the  exanthem  had  begun  to  fade.  On  the  15th  day  it  had  disappeared  with- 
out desquamation;  the  animal  appeared  well  and  active.  There  was  no  febrile 
reaction.  The  leucocyte  count  was  low  from  the  7th  to  14th  days.  Blood  cul- 
tures on  the  2nd,  4th,  and  7th  days  showed  no  growth.  A  piece  of  skin  excised 
from  the  forehead  on  the  2nd  day  of  the  exanthem  shows  the  typical  histological 
picture  of  measles.  This  animal  was  subsequently  reinoculated  on  June  8,  1920, 
with  material  containing  another  strain  of  the  virus  of  measles.  It  failed  to  react, 
the  control  coming  down  on  the  7th  day  with  characteristic  symptoms  of  measles. 

In  the  following  experiment  four  monkeys  were  inoculated  with 
different  portions  of  the  nasopharyngeal  washings  collected  from  a 
patient  with  measles  about  22  hours  after  the  appearance  of  the 
exanthem.  One  monkey  was  inoculated  on  the  mucous  membranes 
of  the  nose  and  throat  with  unfiltered  washings,  one  intratracheally 
with  filtered  (Berkefeld  N)  washings,  and  two  intratracheally  with 
unfiltered  washings.  All  developed  the  characteristic  symptoms  of 
measles  after  the  customary  incubation  period.     The  protocols  follow. 

Experiment  4. — Monkey  8  (Text-fig.  3,  a);  Macacus  rhesus.  May  12,  1920. 
Inoculated  on  mucous  membranes  of  nose  and  throat  with  5  cc.  of  unfiltered  naso- 
pharyngeal washings  from  measles  patient.  Case  5.  Cultures  of  the  washings 
showed  Staphylococcus  pyogenes  albus,  Streptococcus  viridans,  and  diphtheroid 
bacilli.  The  animal  remained  well  for  7  days.  On  the  8th  day  it  appeared  quiet; 
the  tongue  was  coated  and  its  papillae  were  prominent;  two  small,  bright  red  spots 
appeared  on  the  mucous  membrane  of  the  upper  lip.  On  the  9th  day  it  was  quiet 
and  limp;  the  conjunctivae  were  injected;  the  mucous  membranes  of  the  cheeks 
were  congested  and  a  third  hyperemic  spot  was  present  on  the  upper  lip.  A  red, 
maculopapular  rash  appeared  on  the  inner  and  posterior  sides  of  the  thighs  and 
over  the  perineum.  On  the  10th  day  the  exanthem  was  more  intense  and  had 
spread  to  the  anterior  surfaces  of  the  thighs  and  lower  abdomen.  On  the  Uth 
day  the  exanthem  on  the  thighs  had  begun  to  fade.  Fresh  maculopapules  were 
present  on  the  abdomen  and  on  the  left  cheek.  The  conjunctivitis  and  enanthem 
were  less  marked.  By  the  14th  day  the  animal  appeared  well  and  the  exanthem 
had  nearly  faded,  leaving  a  yellowish  brown  pigmentation.  There  was  a  well 
marked  leucopenia  coincident  with  the  foregoing  symptoms  but  no  definite  febrile 
reaction.  A  section  of  skin  removed  from  the  thigh  on  the  2nd  day  of  the  exan- 
them shows  the  characteristic  histological  picture  of  measles. 

Monkey  9  (Text-fig.  3,  b);  Macacus  rhesus.  May  12,  1920.  Intratracheal 
injection  of  4.5  cc.  of  filtered  (Berkefeld  N,  5  minutes,  600  mm.  vacuum)  naso- 
pharyngeal washings  from  ipeasles  patient,  Case  5.    Aerobic  and  anaerobic  cul- 
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Text-Fig.  3,  a  and  ft.  Observations  on  monkeys  inoculated  with  nasopharyn- 
geal washings  from  measles  patient,  Case  5.  (a)  Monkey  8,  unfiltered  washings. 
{b)  Monkey  9,  filtered  washings. 
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tures  of  the  filtrate  showed  no  growth  after  2  weeks  incubation.  The  animal 
remained  well  and  active  for  8  days.  On  the  9th  day  it  appeared  quiet;  the  conjunc- 
tivae were  moderately  injected.  On  the  mucous  membrane  of  the  upper  lip  there 
was  a  small,  red,  granular  spot  and  on  that  of  the  left  cheek  there  were  three 
slightly  elevated,  hyperemic  spots  with  bluish  white  centers  presenting  the  typical 
appearance  of  Koplik  spots.  A  few  red  maculopapules  developed  on  the  skin 
about  the  left  corner  of  the  mouth.  On  the  10th  day  the  condition  was  the  same, 
except  for  an  additional  spot  on  the  mucous  membrane  of  the  lower  lip  and  fresh 
maculopapules  on  the  left  cheek.  On  the  11th  day  there  was  a  well  developed, 
red,  punctate,  granular  enanthem  on  the  mucous  membrane  of  the  Ups;  the  exan- 
them  had  spread  to  the  forehead,  cheeks,  and  nose.  On  the  13th  day  the  enanthem 
had  cleared  up;  the  conjunctivitis  was  less  marked;  the  exanthem  on  the  face  was 
fading.  A  red,  maculopapular  rash  had  appeared  on  the  thighs.  During  the  2 
following  days  the  exanthem  faded  with  a  fine,  branny  desquamation,  and  the 
animal  again  became  lively.  There  was  no  significant  febrile  reaction,  but  a  well 
defined  leucopenia  occurred  from  the  8th  to  1 1th  days.  This  animal  was  reinocu- 
lated  on  June  8,  1920,  with  material  containing  the  same  strain  of  measles  virus 
after  it  had  been  passed  through  three  monkeys.  It  failed  to  react,  while  the  con- 
trol after  6  days  incubation  period  developed  the  characteristic  symptoms  of 
measles. 

Monkey  10  (Text-fig.  4);  Macacus  rhesus.  May  12,  1920.  Intratracheal 
injection  of  5  cc.  of  unfiltered  nasopharyngeal  washings  collected  from  measles 
patient.  Case  5.  The  monkey  remained  well  for  7  days.  On  the  8th  day  it  was 
listless  and  drowsy,  shivering  slightly;  a  smaU  hyperemic  spot  was  present  on  the 
mucous  membrane  of  the  lower  lip.  The  tongue  was  coated  and  its  papillae  were 
prominent.  On  the  9th  day  the  conjunctiva  were  inflamed;  there  was  a  faint 
erythematous  blush  over  the  face  and  two  fresh  red  macules  were  present  on  the 
mucous  membrane  of  the  upper  lip.  On  the  10th  day  there  was  a  well  developed, 
red,  granular  enanthem  on  the  labial  mucous  membrane;  a  few,  small,  discrete,  red 
maculopapules  appeared  on  the  left  cheek  and  on  the  upper  arms.  By  the  13th 
day  the  exanthem  had  reached  its  height.  It  consisted  of  numerous,  red  maculo- 
papules, 2  to  5  mm.  in  diameter,  irregularly  scattered  over  the  face,  neck,  chest, 
upper  arms,  abdomen,  and  thighs  (Fig.  1).  On  the  14th  day  the  conjunctivae  and 
mucous  membranes  appeared  normal  again;  the  exanthem  on  the  face  and  neck 
was  yellowish  red  and  showed  a  fine  desquamation.  During  the  3  following  days 
the  exantliem  gradually  faded  with  well  marked  branny  desquamation.  By  the 
18th  day  the  animal  again  appeared  well  and  active.  A  section  of  skin  removed 
from  the  upper  arm  on  the  1st  day  of  the  exanthem  shows  the  typical  lesion  of 
measles. 

Monkey  11  (Text-fig.  5,  a);  Macacus  rhesus.  May  12,  1920.  Intratracheal 
injection  of  5  cc.  of  unfiltered  nasopharyngeal  washings  collected  from  measles 
patient.  Case  5.  The  animal  remained  well  until  the  afternoon  of  the  6Lh  day 
when  its  temperature  rose  from  103.5°  to  104.7°  F.  and  it  appeared  quiet.     On  the 
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7th  day  it  appeared  listless  and  drowsy;  the  temperature  remained  elavated. 
Blood  culture  showed  no  growth.  On  the  8th  day  there  was  diarrhea;  the  con- 
junctivas were  inflamed  and  there  was  increased  lacrimation;  the  mucous  mem- 
brane of  the  lips  was  congested  and  showed  two  characteristic  hyperemic  spots; 
the  temperature  rose  to  105.8°  F.  On  the  9th  day  a  well  defined  exanthem  con- 
sisting of  small,  discrete,  red  maculopapules  appeared  about  the  eyes,  on  the  nose, 
right  cheek,  chin,  and  about  the  corners  of  the  mouth.  The  animal  was  killed 
for  passage  of  the  virus. 
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Text-Fig.  4.    Observations  on  Monkey  10  inoculated  with  unfiltered  naso- 
pharyngeal washings  from  measles  patient.  Case  5. 


Autopsy. — Grossly  negative.  Histological  sections  of  the  skin,  labial  mucous 
membrane,  and  tongue  show  the  typical  lesions  of  measles.  Cultures  of  the  heart's 
blood  showed  no  growth. 

The  foregoing  experiments  have  shown  that  monkeys  injected 
intratracheally  with  nasopharyngeal  washings  from  cases  of  measles 
in  the  preemptive  and  early  eruptive  stages  of  the  disease  react  after 
an  incubation  period  varying  from  6  to  10  days  with  a  constant  and 
characteristic  group  of  s>'mptoms  closely  resembling  those  of  measles 
in  man.  These  symptoms  in  brief  are  as  follows:  (1)  onset  with 
listlessness  and  drowsiness  after  a  definite  incubation  period  during 
which  the  animal  appears  well;  (2)  catarrhal  conjuncti\atis;  (3)  a 
well  defined  and  characteristic  enanthem  usually  confined  to  the  labial 
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mucous  membrane;  (4)  a  definite  exanthem  consisting  of  discrete,  red 
maculopapules  constant  in  character  though  somewhat  variable  in  ex- 
tent and  duration  and  comparable  histologically  with  the  exanthem  of 
measles;  (5)  leucopenia  coincident  with  the  foregoing  symptoms; 
(6)  prompt  and  complete  recovery  after  an  illness  of  7  to  10  days 
duration.  Variations  that  have  occurred  in  this  group  of  symptoms 
are  ones  of  degree  in  the  severity  of  the  reaction  rather  than  in  char- 
acter. In  only  two  respects  has  the  reaction  shown  any  significant 
variation  from  the  symptoms  of  measles  in  man;  namely,  in  the 
inconstant  occurrence  of  a  definite  elevation  of  temperature  and  in 
the  entire  absence  of  symptoms  of  rhinitis  and  bronchitis. 

The  regularity  with  which  this  group  of  symptoms  has  developed 
and  the  close  resemblance  of  the  symptoms  to  the  symptoms  of  measles 
are  presumptive  evidence  that  the  reaction  is  due  to  the  virus  of 
measles.  That  the  reaction  is  not  due  to  ordinary  organisms  of  the 
mouth  flora  inevitably  present  in  unfiltered  nasopharyngeal  washings 
is  shown  by  the  occurrence  of  the  same  reaction  following  the  inocu- 
lation of  washings  freed  from  ordinary  bacteria  by  filtration.  This, 
of  course,  does  not  exclude  the  possibility  that  the  reaction  might 
be  caused  by  filterable  toxic  substances  contained  in  the  nasopha- 
ryngeal secretions  of  measles  patients  rather  than  by  the  living  virus 
of  measles.  This  possibility,  however,  has  been  excluded  by  the 
successful  transmission  of  the  infection  through  a  considerable  series 
of  monkeys  as  described  below. 

Transmission  of  Measles  frotn  Monkey  to  Monkey  by  Intratracheal 
Injection  of  Tissue  Emulsions. 

The  characteristic  reaction  wliich  follows  the  inoculation  of  mon- 
keys with  nasopharyngeal  secretions  of  measles  patients  has  been 
successfully  carried  through  six  passages  (Text-fig.  6),  by  the  intra- 
tracheal injection  of  salt  solution  tissue  emulsions  prepared  from  ani- 
mals killed  shortly  after  the  appearance  of  the  exanthem .  The  principal 
tissues  used  were  skin  and  buccal  mucous  membrane.  In  some 
cases  bits  of  spleen,  hver,  and  lung  were  also  employed.  In  three 
instances  attempted  passage  failed,  presumably  due  in  two  to  absence 
of  the  virus  of  measles  in  the  material  inoculated,  in  one  to  the  develop- 
ment of  a  fatal  intercurrent  infection.  The  details  of  the  experiment 
follow. 
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Text-Fig.  5,  a  to  c  Transmission  of  measles  virus,  strain  from  Case  5, 
from  monkey  to  monkey,  by  means  of  tissue  emulsions,  (a)  Monkey  11,  inocu- 
lated with  nasopharyngeal  washings  from  measles  patient,  Case  5.  {b)  Monkey 
13,  first  passage,     (c)  Monkey  14,  first  passage,  duplicate  of  Monkey  13. 


400 


STUDIES   ON  MEASLES. 


®  + 


Nasopharyngeal  waslilngs 
from  measles  patient, Case 5 
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t  =  Typical  measles  reaction 
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Text-Fig.  6.  Transmission  of  measles  virus,  strain  from  Case  5,  through  six 
animal  passages.  Monkeys  8  and  23  were  inoculated  on  the  nasal  and  buccal 
mucous  membrane,  Monkeys  24  to  27  intravenously,  the  other  monkeys  intra- 
tracheaOy.  2nd  to  4th  days,  etc.,  in  Monkeys  24  to  27  indicate  the  days  after 
inoculation  of  Monkey  22  on  which  blood  was  withdrawn  from  Monkey  22. 
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Experiment  5.  First  Passage. — Monkey  13  (Text-fig.  5,  b);  Macacus  rhesus. 
May  20,  1920.  Intratracheal  injection  of  10  cc.  of  unfiltered  tissue  emulsion  (skin, 
spleen,  liver,  and  lung)  from  Monkey  11.  Monkey  11  (Text-fig.  S,  a)  was  killed 
on  the  1st  day  of  the  e.xanthem,  the  9th  day  after  inoculation.  The  hair  was 
shaved  from  the  face,  front  of  chest,  abdomen,  and  thighs,  and  the  skin  thoroughly 
scrubbed  with  soap  and  water.  The  skin  was  removed  from  these  areas  under 
aseptic  precautions,  cut  into  small  bits  with  sterile  scissors  and  ground  with  small 
pieces  of  spleen,  liver,  and  lung  in  a  sterile  mortar  with  sterile  sand  and  40  cc.  of 
0.85  per  cent  salt  solution,  the  whole  procedure  requiring  about  1  hour.  The 
supernatant  fluid  of  this  emulsion  was  pipetted  off  and  used  for  inoculation  with- 
out filtration  or  centrifugation.  Cultures  of  the  fluid  on  blood  agar  plates  showed 
a  few  colonies  of  Staphylococcus  alhus.  Monkey  13  remained  well  and  active  for  7 
days.  On  the  8th  day  the  temperature  rose  from  104°  to  104.9°  F.,  the  conjunc- 
tivae were  inflamed,  and  the  leucocyte  count  was  falHng.  On  the  9th  day  the  ani- 
mal appeared  quiet;  a  few  characteristic  spots  appeared  on  the  mucous  membrane 
of  the  lips.  On  the  10th  day  the  temperature  had  risen  to  106.3°  F.;  there  was  a 
well  developed,  h\'peremic,  granular,  punctate  rash  on  the  labial  mucous  mem- 
brane and  a  few,  red  maculopapules  had  appeared  on  the  face.  The  animal  was 
killed  for  further  transfer  of  the  infection. 

Autopsy. — No  gross  abnormalities.  Histological  sections  of  the  skin,  tongue, 
and  labial  mucous  membrane  show  the  typical  lesions  of  measles.  Aerobic  and 
anaerobic  cultures  of  the  heart's  blood,  spleen,  and  lung  showed  no  growth. 

Monkey  14  (Text-fig.  5,  c);  Macacus  rhesus.  May  20,  1920.  Intratracheal 
injection  of  10  cc.  of  unfiltered  tissue  emulsion  (skin,  spleen,  liver,  and  lung)  from 
Monkey  11  as  in  the  above  experiment.  The  animal  remained  well  for  7  days. 
On  the  8th  day  it  was  quiet,  showed  conjunctivitis  and  photophobia,  and  the  mu- 
cous membranes  were  congested.  No  spots  were  noted.  On  the  10th  day  it  was 
drowsy  and  there  was  a  well  developed  characteristic  enanthem.  On  the  llth 
day  diarrhea  developed;  a  few  small,  red  maculopapules  appeared  on  the  face  and 
thighs.  On  the  12th  day  an  abundant  characteristic  exanthem  had  appeared  on 
the  face,  neck,  chest,  shoulders,  and  thighs.  By  the  15th  day  the  animal  again 
appeared  well;  the  conjunctivitis  and  enanthem  had  cleared  up  and  the  exanthem 
was  rapidly  fading.  Moderate  pigmentation  persisted  for  3  more  days  and  then 
disappeared.  There  were  a  moderate  febrile  reaction  and  a  weO  defined  leucopenia 
coincident  with  the  foregoing  symptoms.  Sections  of  skin  excised  from  the  neck 
and  thigh  on  the  2nd  day  of  the  exanthem  show  the  characteristic  histology  of 
measles. 

Second  Passage. — Monkey  16  (Text-fig.  7,  a);  Macacus  rhesus.  May  29,  1920. 
Intratracheal  injection  of  10  cc.  of  unfiltered  tissue  emulsion  (skin,  spleen,  and 
lung)  from  Monkey  13  prepared  in  the  same  manner  as  in  the  preceding  experi- 
ment. Culture  of  the  supernatant  fluid  showed  a  few  colonies  of  Staphylococcus 
albus.  After  the  customary  incubation  period  of  7  days  the  animal  developed  the 
characteristic  symptoms  of  measles,  the  course  of  which  is  indicated  on  the  temper- 
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Text-Fig.  7,  a  to  (i.  Transmission  of  measles  virus,  strain  from  Case  5,  from 
monkey  to  monkey  by  means  of  tissue  emulsions,  (a)  Monkey  16,  second  pas- 
sage. (6)  Monkey  19,  third  passage,  (f)  Monkey  22,  fourth  passage,  {d)  Mon- 
key 28,  fifth  passage. 


FRANCIS   G.   BLAKE  AND  JAMES  D.   TRASK,   JR.  403 

ature  chart.  The  enanthem  was  very  abundant,  covering  the  mucous  membranes 
of  the  lips  and  cheeks.  The  e.xanthem  had  appeared  on  the  forehead,  nose,  chin, 
and  left  thigh  on  the  11th  day  when  the  animal  was  killed  for  further  passage. 

Autopsy. — Grossly  negative  except  for  a  few,  small,  irregular  patches  of  pneu- 
monia about  the  hilum  of  the  lungs.  Culture  showed  this  to  be  due  to  a  Gram- 
positive  streptococcus  of  the  viridans  group.  Histological  sections  of  the  skin 
and  labial  mucous  membrane  show  the  characteristic  lesions  of  measles. 

Monkey  17;  Macacus  rtiesus.  May  29,  1920.  20  cc.  of  the  tissue  emulsion  from 
Monkey  13  were  centrifuged  at  low  speed  for  10  minutes,  the  supernatant  fluid 
was  diluted  with  40  cc.  of  salt  solution  and  then  passed  through  a  Berkefeld  N 
filter  (15  minutes,  60(5  mm.  vacuum).  Filtration  was  slow  and  after  about  20 
cc.  had  passed  through  it  was  stopped.  10  cc.  of  the  filtrate  were  inoculated  intra- 
tracheaUy.  The  monkey  remained  free  from  definite  symptoms  and  was  dis- 
carded as  negative  after  21  days  observation. 

Third  Passage. — Monkey  18;  Macacus  rhesus.  June  8,  1920.  Intratracheal 
injection  of  10  cc.  of  unfiltered  tissue  emulsion  (skin,  mucous  membrane  of  mouth, 
spleen,  and  lung)  from  Monkey  16.  Cultures  of  the  emulsion  showed  a  few  colo- 
nies of  Streptococcus  viridans  and  Staphylococcus  albus.  This  animal  promptly 
developed  a  severe  pneumonia  with  Streptococcus  viridans  septicemia  followed  by 
multiple  arthritis  and  died  on  the  21st  day  without  exhibiting  any  definite  evi- 
dence of  measles. 

Monkey  19  (Te.xt-fig.  7,  6);  Macacus  rhesus.  June  8,  1920.  Intratracheal 
injection  of  10  cc.of  unfiltered  tissue  emulsion  from  Monkey  16  as  described  above. 
This  animal  also  developed  pneumonia  but  the  disease  was  mild  in  character. 
Blood  culture  on  the  5th  day  showed  no  growth  and  the  monkey  appeared  to 
have  recovered.  On  the  7th  day  a  few,  discrete,  hyperemic  spots  appeared  on  the 
mucous  membrane  of  the  lips.  On  the  8th  day  the  animal  was  quiet;  the  con- 
junctivae were  injected;  fresh  spots  had  appeared  on  the  mucous  membranes  of 
the  cheeks.  On  the  9th  day  there  was  an  abundant,  bright  red,  granular  rash 
on  the  mucous  membranes  of  the  Lips,  gums,  and  cheeks.  On  the  10th  day  a  few, 
red  maculopapules  appeared  about  the  lips,  on  the  chin,  and  behind  the  ears. 
The  animal  was  kiUed  for  further  passage. 

Autopsy. — Grossly  negative  except  for  a  small  patch  of  pneumonic  consolidation 
in  the  right  lower  lobe.  Cultures  of  this  area  showed  Streptococcus  viridans. 
Histological  sections  of  the  tongue  and  labial  mucous  membrane  show  the 
typical  lesions  of  measles. 

Fourth  Passage. — Monkey  22  (Text-fig.  7,  c);  Macacus  rhesus.  June  17,  1920. 
Intratracheal  injection  of  6  cc.  of  unfiltered  tissue  emulsion  (skin  and  mucous  mem- 
branes of  lips  and  cheeks)  from  Monkey  19.  Cultures  of  the  tissue  emulsion 
showed  a  few  colonies  of  Staphylococcus  albus,  Streptococcus  viridans,  and  diph- 
theroid bacUli.  The  animal  remained  well  for  7  days.  On  the  8th  day  it  was 
quiet;  several  small,  discrete,  hyperemic  macules  with  whitish  centers  appeared 
on  the  mucous  membrane  of  the  lips.    On  the  11th  day  a  red,  granular  rash  ap- 
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peared  on  the  gums.  On  the  12th  day  there  were  moderate  conjunctivitis  and  an 
abundant  enanthem  on  the  mucous  membranes  of  the  lips,  gums,  and  cheeks  which 
appeared  deeply  congested,  granular,  and  covered  with  minute  whitish  points. 
A  few,  small,  red,  maculopapules  developed  about  the  lips.  On  the  13th  day  the 
exanthem  had  spread  to  the  arms,  abdomen,  thighs,  and  lower  legs.  The  animal 
was  killed  for  further  passage.  Blood  cultures  made  daily  from  the  2nd  to  10th 
days  showed  no  growth. 

Autopsy. — Grossly  negative.  Sections  of  skin,  mucous  membrane  of  the  lips, 
and  tongue  show  the  typical  histology  of  measles.  Cultures  of  the  heart's  blood 
showed  no  growth. 

Monkey  23;  Macactis  rhesus.  June  17,  1920.  Mucous  membranes  of  nose  and 
throat  inoculated  with  10  cc.  of  untiltered  tissue  emulsion  (skin  and  buccal  mucous 
membrane)  from  Monkey  19.  The  animal  remained  well  for  6  days.  From  the 
7th  to  14th  days  it  appeared  quiet  and  drowsy.  It  showed  a  mUd  conjunctivitis 
from  the  8th  to  14th  days  with  photophobia  on  the  10th,  11th,  and  12th  days. 
A  few,  discrete,  hj-peremic  macules  were  present  on  the  mucous  membrane  of  the 
lips  from  the  7th  to  10th  days.  No  diffuse  enanthem  and  no  exanthem  appeared 
at  any  time.  The  leucocyte  count  was  low  from  the  6th  to  16th  days,  varying 
between  9,460  and  15,740  cells  per  c.mm.,  while  previous  and  subsequent  counts 
ranged  from  17,460  to  22,800  per  c.mm.  Although  it  seemed  probable  that  this 
animal  suffered  from  a  mild  infection,  theclinical  evidence  was  insufficient  to  war- 
rant a  definite  conclusion.  Histological  sections  of  the  labial  mucous  membrane, 
however,  show  the  tj-pical  lesion  of  measles. 

Fifth  Passage.— Mon^ty  28  (Text-fig.  7,  d);  Macacus  rhesus.  June  29,  1920. 
Intratracheal  injection  of  6  cc.  of  unfiltered  tissue  emulsion  (skin  and  mucous  mem- 
branes of  lips  and  cheeks)  from  Monkey  22.  Cultures  of  the  emulsion  showed  a 
few  colonies  of  Staphylococcus  albus,  diphtheroid  bacUli,  and  a  Gram-negative 
diplococcus.  The  animal  remained  weU  for  9  days.  On  the  10th  day  it  was  list- 
less; the  conjunctivae  were  injected;  a  small  hyperemic  spot  appeared  on  the  mu- 
cous membrane  of  the  upper  lip.  On  the  1 1th  day  several  discrete  spots  of  similar 
character  appeared  on  the  mucous  membrane  of  the  lower  lip.  On  the  12th  day 
there  were  a  well  developed  characteristic  enanthem  and  a  faint  eruption  of  dis- 
crete, red  maculopapules  over  the  chin,  neck,  and  inner  surfaces  of  the  thighs. 
On  the  13th  day  there  was  an  abundant,  well  developed,  t>-pical  exanthem  over 
the  face,  neck,  shoulders,  chest,  thighs,  and  back  of  lower  legs.  On  the  14th 
day  the  condition  was  the  same  and  the  animal  was  killed  for  further  passage. 

Autopsy. — Grossly  negative.  Cultures  of  heart's  blood  showed  no  growth. 
Sections  of  skin,  tongue,  and  labial  mucous  membrane  show  the  typical  histological 
picture  of  measles. 

Sixth  Passage.— 'Morikey  29  (Text-fig.  8);  Macacus  rhesus.  July  12,  1920. 
Intratracheal  injection  of  8  cc.  of  unfiltered  tissue  emulsion  (skin,  mucous  mem- 
branes of  hps  and  cheeks,  and  piece  of  tongue)  from  Monkey  28.  Cultures  of 
emulsion  showed  a  few  colonies  of  Staphylococcus  pyogenes  aureus,  a  non-hemo- 
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lytic  streptococcus,  and  a  Gram-negative  bacillus.  The  animal  remained  well  for 
7  days.  On  the  8th  day  the  temperature  rose  from  102.9°  to  103.8°  F.;  four  discrete 
hyperemic  spots  were  present  on  the  mucous  membrane  of  the  upper  lip.  On 
the  10th  day  diarrhea  developed;  the  conjunctivae  were  moderately  congested. 
On  the  11th  day  the  conjunctivitis  was  more  marked;  a  red,  granular,  punctate 
rash  was  present  on  the  mucous  membranes.  On  the  14th  day  the  enanthem  was 
very  marked,  involving  the  mucous  membranes  of  lips  and  cheeks.  There  were 
marked  conjunctivitis  and  photophobia.  On  the  ISth  day  a  few,  discrete,  red 
maculopapules  appeared  about  the  lips.  On  the  16th  day  the  exanthem  was 
more  marked,  but  had  not  spread.  The  enanthem  was  fading.  The  temperature 
had  returned  to  normal.     KUled  for  further  passage. 
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Text-Fig.  8.  Observations  on  Monkey  29,  sixth  passage  of  measles  virus, 
strain  from  Case  5. 

Autopsy. — Grossly  negative.  Cultures  of  heart's  blood  showed  no  growth. 
Histological  sections  of  skin  and  labial  mucous  membrane  show  the  typical  lesions 
of  measles. 

Seventh  Passage. — Monkey  30;  Macacus  rhesus.  July  27,  1920.  Intratracheal 
injection  of  8  cc.  of  unfiltered  tissue  emulsion  (skin  and  mucous  membrane  of 
lips)  from  Monkey  29.  This  monkey  showed  little  evidence  of  infection.  It  was 
killed  on  the  14th  day,  however,  in  an  unsuccessful  attempt  at  further  passage. 
It  seems  probable  that  Monkey  29  was  killed  too  late  for  successful  transmission. 

The  foregoing  experiments  have  shown  that  the  characteristic 
group  of  symptoms  which  occurs  in  monkeys  following  inoculation 
with  nasopharyngeal  washings  from  patients  with  measles  is  readily 
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induced  in  monkeys  by  intratracheal  injection  of  salt  solution  emul- 
sions of  the  skin  and  buccal  mucous  membranes  of  monkeys  killed 
early  in  the  course  of  the  reaction.  The  transmission  of  this  group 
of  symptoms  through  six  animal  passages  makes  it  highly  probable 
that  the  reaction  is  due  to  the  living  virus  of  measles.  In  the  use 
of  untiltered  emulsions  of  the  skin  and  buccal  mucous  membranes, 
as  in  the  use  of  unfiltered  nasopharyngeal  washings  of  patients, 
other  organisms  than  the  virus  of  measles  were  unavoidably  intro- 
duced into  the  trachea.  Although  there  is  no  evidence  that  these 
bacteria  were  in  any  way  associated  with  the  characteristic  measles 
reaction,  it  is  obviously  desirable  to  use  a  method  of  transmission  that 
will  exclude  the  presence  of  extraneous  organisms  as  a  possible  source 
of  error  in  the  interpretation  of  the  results  obtained.  This  was 
attempted  in  the  case  of  Monkey  17  by  filtration  of  the  tissue  emul- 
sion, but  without  success,  since  under  the  conditions  of  the  experi- 
ment the  \'irus  apparently  either  failed  to  pass  the  filter  or  was  so 
diluted  that  it  failed  to  give  rise  to  infection.  The  desired  result  has 
been  accomplished,  however,  by  the  use  of  blood. 

Transmission  of  Measles  from  Monkey  to  Monkey  by  Intravenous 
Injection  of  Citrated  Whole  Blood. 

The  clinical  course  and  pathological  lesions  of  measles  clearly  sug- 
gest that  the  virus  is  present  in  the  blood  stream  for  at  least  an 
appreciable  length  of  time.  The  experiments  of  Hektoen,  Anderson 
and  Goldberger,  and  Nicolle  and  Conseil,  if  the  conclusions  of  the 
authors  are  accepted,  support  this  \-iew.  To  obtain  further  knowl- 
edge on  this  subject  as  well  as  to  eliminate  the  undesirable  features 
of  the  method  of  transmission  employed  in  the  passage  experiments 
described  above,  the  following  experiment  was  carried  out. 

Experiment  6. — Monkey  22  (Te.xt-fig.  7,  c),  which  had  been  inoculated  intratra- 
cheally  on  June  17,  1920,  with  6  cc.  of  unfiltered  tissue  emulsion  from  Monkey  19, 
was  bled  daily  from  the  2nd  to  10th  days  after  inoculation  and  again  on  the  13th 
day.  The  blood,  which  was  received  into  2  to  3  cc.  of  sterile  1  per  cent  sodium 
citrate  solution,  after  being  cultured,  was  immediately  injected  intravenously 
into  other  monkeys  as  follows  (Text-fig.  6) :  The  2nd,  3rd,  and  4th  day  bleedings, 
in  amounts  of  10,  7.5,  and  12  cc.  respectively,  were  injected  into  Monkey  24.    This 
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Text-Fig.  9,  a  and  b.  Transmission  of  measles  virus,  strain  from  Case  5,  from 
Monkey  22  by  means  of  whole  citrated  blood,  (a)  Monkey  25,  injected  with  5th, 
6th,  and  7th  day  bleedings  from  Monkey  22.  (b)  Monkey  26,  injected  with  8th, 
9th,  and  10th  day  bleedings  from  Monkey  22. 


408 


STUDIES   ON   MKASLES. 


animal  remained  free  from  any  symptoms  of  measles  and  was  discarded  as  nega- 
tive after  25  days  observation.  The  5th,  6th,  and  7th  day  bleedings,  in  amounts 
of  9,  8,  and  9  cc.  respectively,  were  injected  into  Monkey  25.  This  monkey  re- 
mained well  until  the  8th  day  after  the  first  inoculation  of  blood  when  it  developed 
the  characteristic  measles  reaction,  the  course  of  which  is  shown  in  Text-fig.  9,  a. 
The  8th,  9th,  and  10th  day  bleedings,  in  gimounts  of  12.5,  6,  and  13  cc.  respec- 
tively, were  injected  into  Monkey  26,  which  fell  ill  after  an  incubation  period  of 
4  days  with  the  typical  measles  symptoms  (Text-fig.  9,  h).  The  13th  day  bleed- 
ing, 20  CO.,  was  injected  into  Monkey  27.    This  animal  likewise  showed  a  typical 
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Text-Fig.  10.    Observations  on  Monkey  27,  injected  with  the  13th  day  bleed- 
ing from  Monkey  22.    Measles  virus,  strain  from  Case  5. 


reaction  (Text-fig.  10), after  an  incubation  period  of  4  days.  Cultures  of  all  bleed- 
ings from  Monkey  22  were  made  in  agar  plates.  None  showed  growth.  Sections 
of  skin  excised  from  Monkeys  25,  26,  and  27,  during  the  period  of  the  exanthem, 
all  show  the  characteristic  histological  picture  of  measles. 

The  result  of  the  foregoing  experiment  is  important  in  that  it 
satisfactorily  eliminates  the  objection  that  can  be  raised  to  the  pre- 
ceding passage  experiments  on  the  groimd  that  other  organisms 
beside  the  virus  of  measles  were  present  in  the  tissue  emulsions 
employed.  It  furthermore  shows  that  in  monkeys  inoculated  intra- 
tracheally  with  measles  material  the  virus  subsequently  enters  the 
blood  stream  and  can  be  transmitted  readily  from  monkey  to  monkey 
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by  intravenous  injection  of  whole  citrated  blood.  This  observation 
is  of  considerable  value  because  it  provides  a  simple  method  of  trans- 
mitting the  virus  from  animal  to  animal  in  a  pure  state  and  affords 
an  opportunity  for  extensive  culture  study  of  a  material  known  to 
contain  the  virus  of  measles  and  presumably  free  from  other  organ- 
isms. There  are  other  suggestive  points  in  the  experiment  which 
lend  support  to  previous  conceptions  of  the  course  of  measles  in  man. 
The  failure  of  Monkey  24  to  react  suggests  that  an  appreciable  period 
intervenes  between  the  time  of  infection  of  the  mucous  membranes 
of  the  respiratory  tract  and  the  entrance  of  the  virus  into  the  blood 
stream.  The  positive  transmission  to  Monkey  25  shows  that  the 
virus  had  entered  the  blood  of  Monkey  22  by  at  least  the  7th  day 
after  inoculation,  a  time  which  corresponded  with  the  end  of  the 
incubation  period  of  the  disease  and  preceded  the  onset  of  symptoms 
by  24  hours.  Whether  the  \irus  was  present  in  the  blood  of  Monkey 
22  on  the  5th  and  6th  days  it  is  impossible  to  say.  It  is  of  interest 
in  this  connection  that  the  incubation  period  in  Monkey  25  was  7 
days,  while  in  Monkeys  26  and  27  it  was  but  4  days.  This  suggests 
the  possibiUty  that  the  virus  was  not  present  in  the  5th  and  6th  day 
bleedings  from  Monkey  22.  The  difference  in  incubation  period, 
however,  may  be  explained  on  the  assumption  that  the  virus  was 
much  more  abundant  in  the  blood  of  Monkey  22  from  the  8th  to 
13th  days,  which  coincided  with  the  active  stage  of  the  disease,  than 
from  the  5th  to  7th  days,  which  coincided  with  the  latter  half  of 
the  incubation  period.  The  positive  results  in  Monkeys  26  and  27 
show  that  the  virus  was  present  in  the  blood  from  the  onset  of  the 
disease  until  at  least  the  2nd  day  of  the  exantheni.  How  much 
longer  it  may  persist  in  the  blood  has  not  as  yet  been  determined. 
The  shortening  of  the  incubation  period  in  Monkeys  26  and  27  from 
the  customary  7  days  to  4  days  was  presumably  dependent  upon  the 
introduction  of  the  virus  directly  into  the  blood  stream,  since  by  this 
method  of  inoculation  the  period  of  several  days  which  probably 
elapses  between  the  inoculation  of  the  virus  on  the  mucous  membranes 
and  its  invasion  of  the  blood  is  eliminated.  Although  our  observa- 
tions on  the  infectivity  of  the  blood  have  so  far  been  made  only  on 
the  experimental  disease  in  monkeys,  it  seems  probable  that  similar 
conditions  will  be  found  to  obtain  in  measles  in  man. 
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SUMMARY. 

By  the  intratracheal  injection  into  monkeys  of  unfiltered  nasopha- 
ryngeal washings  from  cases  of  measles  in  the  preeruptive  and  early 
eruptive  stages  of  the  disease  a  relatively  constant  group  of  sjTmptoms 
was  induced  which  closely  resemble  those  of  measles  in  man.  Of 
seven  monkeys  inoculated  intratracheally  with  unfiltered  nasopha- 
ryngeal washings  from  seven  cases  of  measles,  five  developed  the 
s^Tnptoms.  The  same  group  of  symptoms  was  induced  in  one  mon- 
key by  inoculation  of  the  mucous  membrane  of  the  nose  and  mouth 
with  imfiltered  nasopharyngeal  washings  from  a  case  of  measles. 
In  these  experiments  a  variety  of  organisms,  largely  saprophytic 
inhabitants  of  the  nasopharynx  and  mouth,  were  present  in  the 
material  inoculated.  There  is  sufi&cient  evidence,  however,  that  these 
organisms  were  in  no  way  responsible  for  the  reaction,  since  the  same 
group  of  symptoms  was  induced  in  two  monkeys  by  the  intratracheal 
injection  of  nasopharj'ngeal  washings  from  three  cases  of  measles 
after  the  washings  had  been  freed  from  ordinary  organisms  of  the 
mouth  flora  by  filtration  through  Berkefeld  N  filters. 

The  characteristic  group  of  s>Tnptoms  which  follows  the  inocu- 
lation of  monkeys  with  the  nasopharyngeal  washings  from  patients 
with  measles  has  been  successfully  carried  through  six  passages  by 
intratracheal  injection  of  saline  emulsions  of  the  skin  and  buccal 
mucous  membranes  of  monkeys  killed  from  2  to  6  days  after  the  onset 
of  the  reaction.  From  the  fourth  passage  monkey  the  reaction  was 
also  successfully  induced  in  three  monkeys  by  means  of  citrated  whole 
blood  injected  intravenously.  This  experiment  showed  the  blood  to 
be  capable  of  inciting  the  reaction  from  at  least  the  7th  to  13th  days 
after  intratracheal  inoculation  of  the  donor  monkey,  but  incapable 
of  inducing  it  from  the  2nd  to  4th  days.  Cultures  of  the  blood  showed 
no  growth. 

The  group  of  symptoms  induced  has  been  constant  and  definite 
in  character.  After  an  incubation  period  of  6  to  10  days  the  animal 
becomes  listless  and  drowsy,  the  conjimctivae  become  injected,  and 
small,  discrete,  hyperemic  macules  appear  on  the  labial  mucous 
membrane.  These  spots  increase  in  number  and  may  eventually 
coalesce  m  the  course  of  2  to  4  days  to  form  a  diffuse,  red,  granular 
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rash.  This  rash  is  usually  limited  to  the  labial  mucous  membrane 
but  may  extend  to  the  inside  of  the  cheeks.  The  individual  macules 
may  or  may  not  show  the  minute  bluish  white  center  characteristic 
of  Koplik  spots.  From  one  to  several  days  after  onset  an  eruption 
of  small,  discrete,  red  maculopapules  appears  on  the  skin,  usually 
coming  out  first  on  the  face.  The  rash  progressively  increases  in  the 
number  and  size  of  the  individual  lesions  and  may  in  the  course  of 
2  to  3  days  extend  to  the  skin  of  the  neck,  shoulders,  upper  arms, 
chest,  abdomen,  and  thighs.  It  is  constant  in  character  but  varies 
considerably  in  extent  in  different  animals.  By  the  time  the  exan- 
them  is  fully  developed,  the  rash  on  the  mucous  membranes  has 
begun  to  fade  and  soon  disappears.  The  exanthem  in  turn  pro- 
gressively fades,  sometimes  with  a  branny  desquamation,  sometimes 
without.  There  may  be  moderate  pigmentation.  By  the  6th  to 
the  10th  day  after  onset  all  symptoms  have  disappeared  and  the  ani- 
mal again  appears  well.  Coincident  with  this  group  of  symptoms 
there  is  a  constant  and  definite  reduction  in  the  total  leucocyte  count, 
frequently  constituting  a  true  leucopenia.  Other  symptoms  of 
irregiilar  occurrence  are  photophobia,  diarrhea,  and  fever.  Symptoms 
of  rhinitis  and  bronchitis  have  not  been  noted.  Histological  sections 
of  the  lesions  of  the  skin  show  an  exudative  and  proliferative  lesion 
about  the  capillaries  of  the  corium  in  which  endothelial  leucocytes 
are  the  predominating  cells.  Mitotic  cells  are  not  infrequently 
present  in  these  areas.  The  endothelial  leucocytes  may  be  seen 
migrating  toward  and  occasionally  invading  the  epithelial  layers  of 
the  hair  follicles,  sebaceous  glands,  and  epidermis.  In  places  the 
epithelial  cells  appear  edematous  and  vacuolated,  and  there  is  evidence 
of  minute  vesicle  formation.  The  lesions  of  the  labial  mucous  mem- 
brane are  similar  in  character.  Minute  vesicle  formation  in  the 
epithelium  is  more  frequent  and  the  vesicles  occasionally  assume  a 
more  pustular  appearance.  Similar  lesions  are  found  in  histological 
sections  of  the  tongue.  Cultures  of  the  blood  made  both  during  the 
incubation  period  and  during  the  course  of  the  reaction  in  a  variety 
of  media,  aerobic  and  anaerobic,  have  consistently  shown  no  growth. 
The  close  similarity  of  the  symptoms  and  pathological  lesions  of 
the  reaction  to  the  symptoms  and  pathological  lesions  of  measles, 
the  successful  transmission  of  the  reaction  from  monkey  to  monkey, 


412  STUDIES   ON   MEASLES.      1 

and  the  elimination  of  ordinary  bacteria  as  a  possible  source  of  error 
in  the  interpretation  of  the  results,  warrant  the  belief  that  the  reaction 
is  caused  by  the  inciting  organism  of  measles. 

CONCLUSION. 

Monkeys  {Macacus  rhesus)  are  susceptible  to  inoculation  with 
the  virus  of  measles. 

EXPLANATION  OF  PLATE  36 

Fig.  1.  Exanthern  in  Monkey  10,  inoculated  with  the  nasopharj'ngeal  washings 
from  a  patient  with  measles.  The  drawing  illustrates  the  character  and  distribu- 
tion of  the  lesions  on  the  3rd  day  after  the  first  appearance  of  the  exanthern. 
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(Blake  and  Trask:    Studies  on  measles.     I.) 


STUDIES  ON  MEASLES. 

II.  Symptomatology  and  Pathology  in  Monkeys  Experi- 
mentally Infected. 

By  FRANCIS  G.  BLAKE,  M.D.,  and  JAMES  D.  TRASK,  Jr.,  M.D. 

{From  the  Hospital  of  The  Rockefeller  Institute  for  Medical  Research.) 

Plates  37  to  41. 

(Received  for  publication,  November  15,  1920.) 

It  has  already  been  shown'  that  a  group  of  symptoms  closely 
resembling  those  of  measles  is  readily  induced  in  monkeys  by  inocu- 
lation with  the  nasopharyngeal  secretions  of  patients  in  the  pre- 
eruptive  or  early  eruptive  stages  of  measles,  and  that  the  virus  induc- 
ing this  reaction  is  readily  transmitted  from  monkey  to  monkey  by 
inoculation  with  blood  or  tissue  emulsions  from  monkeys  experi- 
mentally infected.  In  this  paper  the  symptoms  and  course  of  the 
reaction  and  the  histology  of  the  lesions  of  the  skin,  labial  mucous 
membrane,  and  tongue  will  be  described. 

Symplomatology. 

Incubation  Period. — In  monkeys  inoculated  on  the  mucous  mem- 
branes of  the  respiratory  tract  the  incubation  period  is  remarkably 
constant,  being  7  days  in  the  majority  of  animals.  It  may  vary, 
however,  from  6  to  10  days.  Thus  in  sLxteen  monkeys  inoculated  on 
the  respiratory  mucous  membrane,  the  incubation  period  was  6  days 
in  four,  7  days  in  nine,  8  days  in  one,  9  days  in  one,  and  10  days  in 
one.  During  this  period  the  animal  appears  well  and  exhibits  no 
recognizable  s^inptoms.  The  incubation  period  after  intravenous 
inoculation  is  apparently  somewhat  shorter  (4  days),  but  enough 
animals  have  not  been  inoculated  by  this  method  to  warrant  a  definite 
statement. 

'  Blake,  F.  G.,  and  Trask,  J.  D.,  Jr.,  /.  Exp.  Med.,  1921,  xxxiii,  .^85. 
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Onset  and  Course. — The  onset  is  indicated  by  listlessness,  loss  of 
appetite,  drowsiness,  and  diminution  in  the  total  leucocyte  count. 
There  may  be  a  sharp  rise  in  temperature,  but  this  is  not  constant. 
The  conjunctivae  become  injected,  and  small,  discrete,  hyperemic 
macules  appear  on  the  labial  mucous  membrane.  During  the  follow- 
ing 2  or  3  days  these  increase  in  number  and  may  eventually  coalesce 
to  form  a  diffuse,  hyperemic  enanthem  on  the  mucous  membrane  of 
the  lips  and  cheeks.  From  1  to  5  days  after  onset  a  red,  maculopap- 
ular  rash  appears  on  the  skin,  usually  coming  out  first  on  the  face. 
The  rash  increases  and  may  eventually  spread  to  the  skin  of  the  neck, 
arms,  chest,  abdomen,  and  thighs,  reaching  its  height  in  2  or  3  days. 
By  this  time  the  enanthem  is  fading.  The  exanthem  in  turn  progres- 
sively fades,  and  by  6  to  10  days  after  onset  all  sjTnptoms  have 
disappeared. 

Conjunctivitis. — An  acute  catarrhal  conjimctivitis  is  exhibited  by 
nearly  all  animals  during  the  period  of  the  reaction.  This  conspicu- 
ously involves  the  inner  canthus  and  tarsal  conjunctiva,  the  bulbar 
conjunctiva  remaining  little  if  at  all  affected.  It  varies  from  a 
moderate  congestion  of  the  vessels  to  a  diffuse  hyperemia.  In  the 
more  severe  cases  there  are  increased  mucoid  secretion,  increased 
lacrimation,  and  definite  photophobia.  Moderate  edema  of  the  lids 
may  be  present.     Purulent  inflammation  does  not  occur. 

Enanthem. — Coincident  with  or  shortly  following  the  onset  of  the 
reaction  a  definite  and  characteristic  enanthem  appears.  This  begins 
with  the  development  of  one  or  more  discrete,  red  spots  on  the  labial 
mucous  membrane.  These  spots  usually  occur  only  on  the  labial 
mucosa,  but  may  occasionally  be  present  on  the  inside  of  the  cheeks 
and  on  the  gums.  They  do  not  occur  on  other  parts  of  the  buccal 
mucosa.  They  present  the  appearance  of  discrete,  bright  red,  shghtly 
elevated,  lusterless  macules,  1  to  2  mm.  in  diameter.  Occasionally 
tliey  show  a  minute,  bluish  white  center.  They  occur  either  singly 
or  in  small  groups  of  two  or  three.  Their  number  progressively 
increases  during  the  first  2  or  3  days  of  the  reaction.  By  the  end  of 
this  time  there  may  be  ten  to  fifteen  in  all.  From  this  point  the 
enanthem  pursues  one  of  two  courses.  In  the  milder  infections  the 
spots  now  begin  to  fade  and  in  1  to  2  days  ha\'e  disappeared.  In 
more  severe  infections,  however,  tlie  spots  coalesce  to  form  a  more 
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diffuse,  red,  slightly  granular  rash  covering  large  areas  of  the  labial 
mucous  membrane  with  intervening  areas  of  pale  pink  mucosa  which 
appear  to  be  nonnal.  In  still  severer  infections  the  entire  labial 
mucous  membrane  and  the  inside  of  the  cheeks  finally  become  covered 
with  a  diffuse,  bright  red,  granular  rash  studded  with  numerous 
minute,  white,  slightly  depressed  specks.  The  enanthem  now  begins 
to  fade  and  rapidly  disappears  in  the  course  of  2  to  3  days. 

Exanlhem. — From  1  to  5  days,  usually  on  the  3rd  or  4th  day,  after 
onset  a  characteristic  exanthem  appears.  It  generally  comes  out 
first  on  the  face,  especially  about  the  eyes,  the  corners  of  the  mouth, 
and  on  the  cheeks,  but  may  also  appear  approximately  at  the  same 
time  on  other  parts  of  the  body,  particularly  on  the  iimer  surface  of 
the  thighs.  It  begins  with  a  few,  discrete,  red  maculopapules  occur- 
ring either  singly  or  in  small  groups.  The  individual  maculopapules 
are  2  to  3  mm.  in  diameter,  fade  out  gradually  at  their  margins  into 
the  surroimding  normal  skin,  and  are  frequently  located  about  a 
hair  follicle.  They  disappear  on  pressure  and  are  never  hemorrhagic. 
There  is  no  diffuse  erythema  of  the  intervening  skin,  which  appears 
normal.  The  further  progress  of  the  rash  shows  the  characteristic 
evolution  of  the  measles  exanthem,  though  the  rash  itself  rarely 
becomes  as  widespread  or  as  thick  as  it  commonly  does  in  man. 
Generally  in  the  course  of  2  or  3  days  the  rash  comes  out  progressively 
on  the  skin  of  the  neck,  chest,  lower  abdomen,  and  the  inner  surfaces 
of  the  upper  arms  and  thighs.  While  it  is  usually  limited  to  these 
less  hairy  areas  of  the  skin,  it  may  occasionally  be  sparsely  present 
on  the  scalp,  shoulders,  back,  forearms,  and  posterior  surface  of  the 
legs.  During  this  period  the  individual  maculopapules  tend  to 
increase  in  size,  but  they  never  become  sufjSciently  large  or  thickly 
aggregated  to  produce  a  confluent  rash.  Having  reached  its  height 
the  rash  begins  to  fade  and  disappears  in  the  course  of  2  to  5  days. 
This  sometimes  takes  place  without  noticeable  desquamation,  but 
there  frequently  is  a  fine,  branny  desquamation  of  the  skin  over  the 
central  portion  of  the  maculopapules.  Occasionally  a  slight,  yellow- 
ish brown  pigmentation  may  persist  for  2  or  3  days  after  the  complete 
fading  out  of  the  hyperemia.  While  the  foregoing  description  pre- 
sents a  composite  picture  of  the  exanthem,  the  extent  of  the  rash  and 
the  number  of  maculopapules  vary  considerably  in  individual  animals. 
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Thus  it  may  vary  from  a  comparatively  sparse  exanthem  limited  to 
the  face  or  face  and  inner  surfaces  of  the  thighs,  to  a  widespread, 
moderately  thick  exanthem  involving  the  skin  of  the  face,  neck,  trunk, 
and  extremities.  The  character  of  the  individual  maculopapules, 
however,  remains  constant  and  typical. 

Fever. — There  is  the  widest  possible  variation  in  febrile  reaction. 
The  temperature  may  rise  abruptly  at  onset,  even  to  as  high  as 
105-106°F.  On  the  other  hand,  the  disease  may  begin  without  fever 
and  remain  so  throughout.  When  fever  occurs  it  may  persist  only 
during  the  prodromal  stage  before  the  appearance  of  the  exanthem 
or  may  continue  throughout  the  course  of  the  disease.  It  may  be 
distinctly  remittent  in  t}pe  or  fairly  well  sustained.  In  an  occasional 
animal  the  preliminary  rise  at  onset  is  followed  by  a  return  to  normal 
and  a  distinct  secondary  rise.  In  these  cases  the  temperature  curve 
closely  resembles  that  of  measles  in  man. 

Leucopenia. — A  definite  diminution  in  the  total  leucocyte  count 
consistently  occurs  coincident  with  the  reaction.  This  usually  begins 
1  or  2  days  before  the  onset  of  symptoms  and  persists  for  several 
days  until  the  height  of  the  exanthem  is  reached.  At  this  time  the 
leucocytes  begin  to  increase  and  graduaUy  return  in  the  course  of 
3  days  to  a  week  to  their  former  level.  The  degree  of  leucopenia 
varies  somewhat  in  different  animals,  but  it  is  nearly  always  well 
defined  and  may  be  very  marked,  many  animals  showing  coimts  as 
low  as  4,000  to  9,000  cells  per  c.mm.  over  a  period  of  several  con- 
secutive days.  No  significant  change  in  the  leucocyte  count  which 
may  be  attributed  to  the  virus  of  measles  appears  to  occur  during 
the  earlier  part  of  the  ijiicubation  period,  .\nimals  inoculated  with 
unfiltered  nasopharyngeal  washings  usually  show  a  leucocytosis  for 
24  to  48  hours  after  inoculation,  but  this  is  undoubtedly  due  to  the 
effect  of  other  organisms,  since  it  does  not  occur  in  animals  inoculated 
with  filtered  washings  in  which  other  organisms  than  the  \irus  of 
measles  are  presumably  not  present.  It  has  not  as  yet  been  deter- 
mined whether  the  diminution  in  leucocytes  is  due  to  a  greater  reduc- 
tion in  one  type  of  leucocyte  as  compared  with  other  types. 

Other  Symptoms. — The  general  s^Tnptoms  of  malaise,  such  as  loss 
of  appetite  and  activity,  are  usually  moderate  in  degree,  but  may 
occasionally  be  quite  marked.     They  begin  with  the  onset  of  the 
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reaction  and  persist  until  tlie  exanthem  begins  to  fade.  A  very 
definite  drowsiness  is  often  present  during  the  first  2  or  3  days  of  the 
disease.  Another  symptom  of  not  infrequent  occurrence  is  a  moder- 
ate diarrhea  during  the  earlier  part  of  the  reaction.  The  entire 
absence  of  symptoms  of  rhinitis  and  bronchitis  should  be  noted. 

Microscopic  Pathology  of  Skin,  Labial  Mucous  Membrane,  and  Tongue. 

The  tissues  available  for  study  consisted  of  small  pieces  of  skin 
excised,-  during  life  from  twelve  monkeys  during  the  period  of  the 
exanthem  and  pieces  of  skin,  labial  mucous  membrane,  and  tongue 
obtained  at  autopsy  from  seven  monkeys  killed  for  passage  of  the 
virus.  The  tissues  were  fixed  in  Zenker's  fluid  and  stained  with  alum- 
hematoxylin  and  eosin.  A  composite  picture  of  the  lesions  will  be 
given. 

Skin. — Lesions  are  present  both  in  the  corium  and  in  the  epidermis. 
The  reaction  in  the  corium  (Figs.  1  to  6)  is  definite  and  typical.  It 
consists  of  swelling  and  proliferation  of  the  endothehal  cells  lining 
the  capillaries  and  smaller  veins,  accumulation  of  endothelial  leuco- 
cytes' about  the  capillaries  (Figs.  2,  3, and  5), and  active  multiplication 
of  these  emigrated  leucocytes.  In  addition  there  is  a  moderate 
exudation  of  serum  into  the  pericapillary  tissue  (Figs.  1  and  3).  In 
the  earlier  lesions  a  very  few  eosinophils,  polymorphonuclear  leuco- 
cytes, and  lymphocytes  may  also  be  present  in  the  pericapillary 
exudate.  Diapedesis  of  red  blood  corpuscles  has  not  been  seen.  The 
endothelial  cells  of  the  capillary  walls  appear  swollen ;  their  cytoplasm 
is  finely  granular.  Occasionally  one  is  seen  in  mitosis  (Fig.  1).  The 
emigrated  endothelial  leucocytes  are  young  and  active.  Their  nuclei 
are  frequently  lobulated.  In  early  cases  these  leucocytes  are  in 
active  mitosis  (Figs.  1,  2,  and  4),  as  many  as  three  to  five  mitotic 
cells  sometimes  being  present  about  a  capillary.     Occasionally  they 

-  This  was  always  done  under  anesthesia. 

'  The  term  endothelial  leucoc\te  is  used  for  the  sake  of  convenience  in  compar- 
ing the  lesions  in  monkeys  with  the  lesions  of  human  measles  as  recently  described 
by  Mallory  and  Medlar.*  The  authors,  however,  do  not  wish  to  commit  them- 
selves to  the  opinion  that  the  wandermg  mononuclear  phagocytes  are  derived 
solely  from  endothelial  cells  and  not  in  part  from  other  fixed  tissue  cells  of  mesen- 
chymal  origin. 
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show  phagocytosis  of  polymorphonuclear  leucocytes  and  lymphocytes. 
In  later  lesions  the  exudation  of  serum  is  less  marked,  mitotic  cells 
are  no  longer  present,  and  polymorphonuclear  leucocytes  are  not 
seen. 

These  lesions  are  chiefly  in  the  upper  part  of  the  corium  and  not 
infrequently  lie  close  to  the  hair  sheaths  and  sebaceous  glands. 
Although  the  exudate  is  primarily  pericapillary  in  location,  it  also 
extends  into  and  involves  the  epithelium  of  the  epidermis,  hair  sheaths, 
and  sebaceous  glands  when  the  capillary  lesions  lie  closely  adjacent 
to  these  structures. 

The  lesions  in  the  epidermis  (Figs.  6  to  9)  are  less  numerous  and 
conspicuous  than  those  in  the  corium.  In  early  cases  there  are 
minute  foci  of  serous  exudate  in  the  epidermis  leading  to  swelling 
and  vacuolation  of  the  epithelial  cells  of  the  Malpighian  layer  (Figs. 
6  and  7).  The  nuclei  of  these  cells  are  distorted  and  may  appear 
crescent-shaped  and  pycnotic.  The  serum  sometimes  accumulates 
under  the  corniiied  layer,  producing  minute  vesicles  (Figs.  8  and  9). 
There  is  slight  infiltration  of  these  foci  with  endothelial  leucocytes. 
Occasionally  a  more  diffuse  infiltration  of  the  epidermis  with  endo- 
thehal  leucocytes  takes  place,  but  this  is  never  very  conspicuous. 
These  early  exudative  lesions  quickly  give  way  to  retrograde  changes. 
The  epithelial  cells  either  singly  or  in  minute  clumps  show  necrosis, 
the  serous  exudate  disappears,  and  minute,  thickened  placques  are 
present  in  or  beneath  the  cornified  layer. 

Lesions  similar  to  those  in  the  epidermis  are  seen  in  the  hair  sheaths 
and  in  the  sebaceous  glands  when  they  lie  close  to  a  capillary  lesion. 
Infiltration  with  endothelial  leucocytes  is  apt  to  be  more  conspicuous 
than  in  the  epidermal  lesions  and  may  result  in  the  appearance  of 
minute  pustules  in  these  structures. 

Labial  Mucous  Membrane. — The  lesions  in  the  labial  mucous  mem- 
brane (Figs.  10  to  13)  are  essentially  the  same  as  those  occurring  in 
the  skin.  There  are  swelling  and  proliferation  of  the  capillary  endo- 
theKum  (Fig.  10),  exudation  of  serum,  and  migration  of  endothehal 
leucocytes  into  the  pericapillary  tissue  (Fig.  10),  and  multiplication 
of  the  emigrated  leucocytes.  A  very  few  polymorphonuclear  leuco- 
cytes, eosinophils,  and  lymphocytes  are  also  present  in  early  lesions. 
Invasion  of  the  epithelium  is  similar  to  that  of  the  epidermis,  but 
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usually  more  marked.  It  consists  of  small  foci  of  serum  and  endo- 
thelial leucocytes  beneath  the  stratified  epithelium  with  vacuolation 
and  necrosis  of  the  epithelial  cells  (Figs.  11  and  12).  Diffuse  infiltra- 
tion of  the  epithelium  by  endotheUal  leucocytes  is  sometimes  quite 
marked.  With  the  progress  of  the  lesion  the  stratified  epithelium 
covering  these  minute  pustules  macerates  and  sloughs  off  leaving 
minute  shallow  ulcerations  on  the  surface  (Fig.  13).  At  this  stage 
the  minute  lesions  in  the  epithehum  not  infrequently  show  a  con- 
siderable number  of  polymorphonuclear  leucocytes,  presumably  due 
to  secondary  infection. 

Tongue. — The  lesions  in  the  mucous  membrane  of  the  tongue 
(Fig.  14)  are  identical  with  those  in  the  labial  mucosa.  The  capil- 
laries supplying  the  papillae  show  swelling  and  proliferation  of  the 
endothelium,  there  are  exudation  of  serum  and  endothehal  leucocytes 
into  the  stroma,  and  invasion  of  the  epithelium  by  serum  and  endo- 
thelial leucocytes  with  the  formation  of  minute  pustules  beneath  the 
stratified  layers. 

DISCUSSION. 

That  the  symptoms  observed  in  monkeys  experimentally  inoculated 
with  material  containing  the  virus  of  measles  closely  resemble  those 
of  human  measles  seems  evident.  The  incubation  period,  the  con- 
junctivitis, the  enanthem,  the  exanthem,  and  the  leucopenia  closely 
parallel  the  similar  characteristic  features  of  measles  in  man.  While 
it  is  true  that  the  average  incubation  period  in  monkeys  is  3  to  4 
days  shorter  than  it  is  in  man,  this  might  reasonably  be  expected  in 
view  of  the  presumably  large  amount  of  virus  inoculated  by  intra- 
tracheal injection.  At  least  it  would  seem  probable  that  a  much 
larger  amount  of  virus  than  that  which  serves  to  transmit  measles 
from  man  to  man  in  the  natural  spread  of  the  disease,  is  present  in 
5  to  10  cc.  (the  amount  used)  of  nasopharyngeal  washings  from  a 
patient  or  of  tissue  emulsion  from  an  infected  monkey.  If  this  is 
so,  and  there  is  no  evident  reason  for  believing  that  it  is  not,  the 
somewhat  shorter  incubation  period  is  not  surprising.  The  con- 
junctivitis in  monkeys  as  in  man  is  catarrhal  rather  than  purulent 
in  character,  and  hke  that  of  the  human  disease  it  is  not  infrequently 
accompanied   by   definite  photophobia   and   increased   lacrimation. 
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The  eariy,  discrete  macules  on  the  buccal  mucous  membrane  corre- 
spond in  time  of  appearance  and  in  distribution  with  Koplik  spots 
and  differ  from  them  only  in  the  inconstant  presence  of  the  char- 
acteristic minute,  bluish  white  center.  The  further  evolution  of  the 
rash  on  the  buccal  mucous  membrane  is  essentially  identical  with 
the  evolution  of  the  measles  enanthem.  The  exanthem  in  time  of 
appearance,  in  the  character  of  the  in(li\-idual  lesions,  and  in  e\olution 
likewise  closely  parallels  the  exanthem  of  measles  and  differs  from  it 
only  in  that  it  is  usually  more  sparse  and  less  widespread.  In  fact, 
there  wouki  appear  to  be  only  one  conspicuous  difference  between  the 
experimental  disease  and  human  measles;  namely,  the  absence  of 
respiratory  sjonptoms  in  the  experimental  infection.  WTiile  this 
diliference  cannot  be  explained  at  present,  it  would  not  appear  to 
constitute  a  valid  reason  for  rejecting  the  belief  that  the  reaction 
observed  in  experimentally  infected  monkeys  is  caused  by  the  \nrus 
of  measles. 

Further  and  even  more  conclusive  evidence  is  found  in  the  char- 
acter of  the  lesions  in  the  skin  and  in  the  buccal  mucous  membrane. 
These  lesions  have  been  carefully  studied  in  cases  of  human  measles 
by  Ewing^'  and  more  recently  by  Mallory  and  Medlar.^ 

According  to  the  latter  authors  the  lesions  in  the  skin  are  ''due  to  a  proliferative 
and  e.xudative  reaction  in  and  around  a  small  network  of  capillaries  in  the  upper 
part  of  the  corium.  The  reaction  consists  of  occasional  mitoses  in  the  lining  endo- 
thelial cells;  of  emigration  of  endothelial  leucocytes,  and  of  an  active  proliferation 
of  them  around  the  vessels;  of  a  very  slight  emigration  of  polymorphonuclear 
leucocytes  and  lymphocytes;  ami  of  phagocytosis  of  them  by  the  endothelial 
leucocytes. 

"The  e.xudation  of  serum  and  endothelial  leucocytes  at  first  is  active,  and  passes 
to  the  adjoining  epidermis,  hair  sheaths  and  sebaceous  glands.  It  often  collects  in 
small  foci,  forming  minute  vesicles  and  pustules.  The  epithelial  cells  involved  in 
the  exudation  undergo  necrosis.  By  the  time  the  exanthem  is  clearly  evident, 
these  minute  lesions  in  the  epidermis  are  already  begimiing  to  dr\-  up,  and  later 
desquamate  as  scales.  In  the  meantime  the  endothelial  leucocytes  in  the  corium 
continue  to  proliferate  and  accumulate  around  the  blood  vessels  for  two  to  four 
days,  and  then  gradually  disappear. 

''Koplik  spots  correspond  exactly  to  the  minute  early  lesions  of  the  epidermis, 

•  Ewing.  J.,  /.  Infect.  Dis.,  1909,  vi,  1.         . 

'  MaUorv.  F.  B.,  and  Medlar.  E.  M.,  J.  Med.  Research,  1920,  .xli,  327. 
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but  instead  of  drying  up  they  tend  to  macerate,  and  may  terminate  in  erosions 
or,  if  secondarily  infected,  in  ulcerations." 

It  is  clear  from  the  foregoing  description  that  the  lesions  of  the 
skin  and  buccal  mucosa  in  human  measles  are  exactly  like  those 
found  in  the  skin  and  buccal  mucous  membrane  of  the  experimental 
infection  induced  in  monkeys." 

SUMMARY   AND   CONCLUSIONS. 

The  symptomatology  of  the  reaction  induced  in  monkeys  by  inocu- 
lation with  material  containing  the  virus  of  measles  is  described. 
The  symptoms  and  course  of  this  reaction  closely  parallel  those  of 
human  measles. 

The  microscopic  pathology  of  the  lesions  of  the  skin  and  buccal 
mucous  membrane  of  monkeys  experimentally  infected  with  the  virus 
of  measles  is  also  described.  These  lesions  are  essentially  identical 
with  the  corresponding  lesions  of  measles  in  man. 

EXPLANATION  OF  PLATES. 
Plate  37. 

Fig.  I.  Early  lesion  in  the  corium  showing  mitosis  of  an  endothelial  cell  lining  a 
capillary,  and  pericapillary  e.xudate  of  serum  and  endothelial  leucocytes,  one  of 
which  is  in  mitosis.     X  1,000. 

Fig.  2.  Endothelial  leucocytes  accumulated  about  a  capillary  in  the  corium; 
one  is  shown  in  mitosis.      X  1,000. 

Plate  38. 

Fig.  3.  Early  lesion  about  a  small  vein  in  the  corium  showing  an  exudate  of 
serum  and  endothelial  leucocytes.      X  1,000. 

Fig.  4.  Two  endothelial  leucocytes  in  mitosis  near  a  capillarv  in  the  corium. 
X  1,000. 

Fig.  5.  Exudate  of  serum  and  endothelial  leucocytes  in  the  corium.     X  500. 


'  We  wish  to  e.xpress  our  gratitude  to  Dr.  MaUory  for  being  so  kind  as  to  exam- 
ine histological  sections  of  the  skin  and  buccal  mucosa  from  the  infected  monkeys. 
We  are  also  indebted  to  him  for  permi.ssion  to  quote  his  opinion  that  the  lesions 
in  the  monkeys  present  essentially  the  same  histological  picture  that  is  found  in 
the  corresponding  lesions  of  measles  in  man. 
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Plate  39. 

Fig.  6.  Accumulation  of  endothelial  leucocytes  about  capillaries  and  small 
veins  in  the  corium;  focal  infiltration  of  the  epidermis  with  serum  and  endothelial 
leucocytes.     X  240. 

Fig.  7.  Early  lesion  in  the  epidermis  showing  invasion  of  the  Malpighian  layei 
b>-  endothelial  leucocytes  and  beginning  vacuolation.     X  1,000. 

Plate  40. 

Fig.  8.  Early  vesicle  formation  in  the  epidermis.     X  240. 

Fig.  9.  Vesicle  in  the  epidermis  with  beginning  plaque  formation  in  the  cornified 
layer.     X  240. 

Fig.  10.  Accumulation  of  endothelial  leucocytes  near  two  capillaries  in  the 
labial  mucosa;  swelling  of  the  capillary  endothelium.     X  1,000. 

Plate  41. 

Fig.  11.  Koplik  spot  in  the  labial  mucosa,  very  early  stage;  focal  infiltration  of 
the  epithelium  with  serum  and  endotlielial  leucocytes.     X  1,000. 

Fig.  12.  Koplik  spot  in  the  labial  mucosa,  early  stage;  focal  accumulation  of 
serum  and  endothelial  leucocytes  in  the  epithelium  (pustule  formation) ;  degenera- 
tion and  necrosis  of  epithelial  cells.     X  240. 

Fig.  13.  Koplik  spot  in  the  labial  mucosa,  late  stage;  necrosis  and  maceration  of 
the  epithelium  with  erosion  of  the  surface.     X  240. 

Fig.  14.  Diffuse  infiltration  of  the  epithelium  of  the  tongue  with  endothelial 
leucocytes.     X  240. 
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STUDIES  ON  LYMPHOID  ACTIVITY. 

V.  Relation  between  the  Time  and  Extent  of  Lymphoid  Stimu- 
lation Induced  by  Physical  Agents  and  the  Degree  of 
Resistance  to  Cancer  in  Mice. 

By  JAMES  B.  MURPHY,  M.D.,  WARO  NAKAHARA,  Ph.D.,  and  ERNEST  STURM. 
(From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research) 

(Received  for  publication,  December  31,  1920.) 

Two  methods  have  been  described  by  which  a  definite  stimulation 
of  the  circulating  Ij-mphocytes,  accompanied  by  a  hyperactivity  of 
the  lymphoid  centers,  may  be  brought  about.  It  was  first  noted  that 
small  doses  of  x-rays  would  induce  this  condition,'  but  the  reaction 
was  of  short  duration-  as  compared  with  the  stimulation  occurring 
in  cancer-immune  mice  following  inoculation  of  cancer.'  The 
stimulation  induced  by  x-rays  is  preceded  by  a  period  during  which 
evidences  of  the  destructive  action  of  this  agent  on  the  lymphoid 
centers  are  present,  and  is  followed  by  a  period  during  which  the 
stimulation  phase  alone  is  present.  By  the  4th  day  the  proliferative 
activity  is  at  its  height  and  then  quickly  subsides. 

The  amoimt  of  stimulus  produced  by  dr>'  heat^  is  much  greater 
in  extent  and  of  longer  duration  than  that  seen  after  exposure  to 
x-rays.  Immediately  after  the  heat  application  there  are  also  marked 
e\adences  of  cell  destruction  in  the  lymphoid  centers,  but  the  stim- 
ulation following  is  more  prompt  and  of  greater  volimie  as  judged  by 
the  blood  pictures. 

■  Murphy,  Jas.  B.,  and  Morton,  J.  J.,  J.  Exp.  Med.,  1915,  x.\ii,  800.  Thomas, 
M.  M.,  Taylor,  H.  D.,  and  Witherbee,  W.  D.,  J.  E.xp.  Med.,  1919,  x.xk,  75. 

^Nakahara,  W.,  and  Murphy,  Jas.  B.,  /.  Exp.  Med.,  1920,  xxxi,  13. 

'  Murphy,  Jas.  B.,  and  Morton,  J.  J.,  J.  Exp.  Med.,  1915,  x.-di,  204.  Murphy, 
Jas.  B.,  and  Nakahara,  W.,  J.  Exp.  Med.,  1920,  x.x.xi,  1. 

^  Murphy,  Jas.  B.,  and  Sturm,  E.,  J.  Exp.  Med.,  1919,  sxix,  1. 
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We  have  described  the  close  relation  existing  between  lymphoid 
stimulation  and  the  resistant  state  to  cancer  inoculation.  If  this 
relation  is  quantitative  in  nature,  it  would  be  expected  that  mice 
whose  IjTiiphoid  cells  are  stimulated  by  x-rays  would  show  a  definite 
degree  of  resistance  but  less  than  that  exhibited  by  animals  following 
heat  stimulation.  This  fact  is  borne  out  by  our  figures  on  102  mice 
heated  1  week  before  inoculation,  which  showed  an  average  immu- 
nity of  60.3  per  cent,  controlled  by  83  normal  mice  inoculated  with  the 
same  tumors  showing  an  average  immunity  of  16.5  per  cent.  On 
the  other  hand,  144  mice,  x-rayed  from  3  to  7  days  before  inoculation, 
had  an  immunity  of  37.5  per  cent;  they  were  controlled  by  137  nor- 
mal mice  inoculated  with  the  same  tumors,  ha\dng  an  average  immu- 
nity of  10.4  per  cent. 

If  the  hj-pothesis  is  true  that  stimulation  of  the  IjTnphocytes  of 
mice  definitely  reduces  the  number  of  takes  of  cancer  grafts,  it  would 
be  of  importance  to  know  whether  there  is  a  difference  in  resistance 
percentage  when  the  tumor  inoculation  is  made  at  varying  times 
after  the  stimulus  is  administered.  The  following  experiments  were 
planned  to  test  this  point. ^ 

Immunity  after  Exposure  to  X-Rays. 

Mice  of  about  the  same  age  were  divided  into  three  lots.  Two  of 
these  lots  were  given  a  dose  of  x-rays  governed  by  the  following 
factors:  spark-gap  f  inch  between  points,  milliamperage  25,  distance 
from  target  to  back  of  animals  8  inches,  and  time  10  minutes. 
One  lot  received  this  dose  7  days  and  the  other  immediately  before 
they  were  inoculated  with  a  tumor  (Bashford  63).  At  the  same 
time  the  third  group  was  inoculated  with  the  same  material  and 
weekly  measurements  were  made  of  the  resultant  tumors. 

Table  I  gives  the  results  of  sLx  experiments,  the  percentage  of 
immune  mice  being  estimated  for  a  period  3  weeks  after  inoculation 
(Text-figs.  1  and  2). 

*  A  preliininary  report  of  this  work  was  made  before  the  National  Academy 
of  Science  (Murphy,  Jas.  B.,  Proc.  Nat.  Acad.  Sc,  1920,  vi,  35). 
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TABLE    I. 


Experiment 
No. 

Group  1. 

Group  2. 

Group  3. 

1 
2 
3 
4 
S 
6 

11.1  per  cent  (  9  mice). 
30.0     "    "     (10     "    ). 
10.0    "    "     (10    "    ). 
50.0    "    "     (10    "    ). 
40.0    "    "     (10    "    ). 
50.0    "    "     (10    "    ). 

0.0  per  cent  (10  mice). 

12.5     "    "     (8     "    ). 

0.0    "    "     (10     "    ). 

10.0  "    "     (10    "    ). 

11.1  "    "     (9     "    ). 
0.0    "    "     (10     "    ). 

0.0  per  cent  (10  mice). 

10.0    "    "     (10     "    ). 

0.0    "    "     (10    "    ). 

20.0  "    "     (10    "    ). 

11.1  "    "     (9     "    ). 
10.0    "    "     (10    "    ). 

Group  1  was  made  of  mice  given  a  dose  of  x-rays  7  days  before  cancer  was  inocu- 
lated. Group  2  animals  were  x-rayed  immediately  before  the  cancer  inoculation. 
Group  3  comprised  the  control  mice  inoculated  with  the  same  cancers.  175 
mice  were  used  for  these  tests. 
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Text-Fig.  1.  The  effect  of  x-rays  on  the  immunity  to  transplanted  cancer 
when  administered  7  days  and  immediately  before  inoculation. 


From  the  foregoing  experiments  it  is  seen  that  the  resistance  of 
mice  inoculated  with  cancer  immediately  after  a  stimulating  dose  of 
x-rays  is  no  higher  than  that  of  nonnal  mice,  and  on  the  average  is 
somewhat  lower.  On  the  other  hand,  the  mice  inoculated  with 
cancer  a  week  after  a  stimulating  dose  of  x-rays  show  a  consistently 
higher  degree  of  resistance  which  reveals  itself  both  in  the  number  of 
takes  and  in  the  rate  of  growth  of  the  tumor. 
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IXPEBIMEKT  6 
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Text-Fig.  2.  The  effect  of  x-rays  on  the  immunity  to  transplanted  cancer 
when  administered  7  days  and  immediately  before  inoculation. 

Immunity  after  Exposure  to  Dry  Heat. 

These  experiments  with  x-rays  have  been  paralleled  with  similar 
tests  with  heat  as  the  agent  for  stimulating  the  IjTnphocytes. 

Three  groups  of  mice  were  used.  Group  1  consisted  of  animals 
which  had  been  heated  1  week  previous  to  the  inoculation  with 
cancer.  Group  2  mice  were  heated  immediately  before  the  cancer 
inoculation,  and  Group  3  consisted  of  the  normal  controls  inoculated 
with  cancer.  The  mice  to  be  heated  were  placed  in  an  enclosed  cage 
3  inches  above  an  electric  heating  lamp.  A  thermometer  was  placed 
half  an  inch  below  the  bottom  of  the  cage.  The  temperature  was 
allowed  to  rise  to  55°C.  before  the  animals  were  put  in  the  cage  and 
then  they  were  left  in  for  5  minutes,  the  temperature  rarely  rising 
above  63°C.  during  this  time. 

The  results  of  the  three  experiments  are  given  in  Table  II,  the 
figures  representing  the  immunity  percentage  3  weeks  after  inocula- 
tion with  cancer  (Text-fig.  3). 
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TABLE  n. 

Experiment 

No. 

Group  1. 

Group  2. 

Group  3. 

7 
8 
9 

66.6  per  cent  immunity. 
S5.0   "      " 
50.0   "      " 

40.0  per  cent  immunity. 

35.0   "      " 

30.0   "      "            " 

20.0  per  cent  immunity. 

10.0  "      " 

10.0   "      "           " 

Group  1  was  made  up  of  mice  heated  1  week  before  inoculation.  Group  2 
mice  were  heated  immediately  before  inoculation,  and  Group  3  comprised  the 
control  mice.     The  results  are  based  on  118  mice. 
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Text-Fig.  3.  The  effect  of  dry  heat  on  the  immunity  to  transplanted  cancer 
when  exposure  to  heat  was  done  7  days  and  immediately  before  inoculation. 

The  foregoing  experiments  indicate  a  definitely  higher  resistance  in 
the  mice  inoculated  immediately  after  heating  than  in  the  controls, 
while  the  mice  heated  a  week  prior  to  inoculation  show  an  even  more 
pronounced  degree  of  immunity.  The  blood  count  after  the  heat 
treatment  showed  a  sharp  but  ver}'  transitory  drop  in  the  number 
of  circulating  l}Tnphocytes,  followed  within  24  hours  by  a  marked 
increase  and  a  continuous  rise  in  these  cells  lasting  for  a  week  or 
more.     Histological  examination  of  the  lymphoid  organs  of  heated 
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animals  showed  that  by  48  hours  after  the  treatment  these  organs 
contain  a  larger  number  of  mitotic  figures  in  the  germinal  centers 
than  is  normally  seen.  The  height  of  the  reaction,  judging  from 
the  blood  pictures  and  the  condition  of  the  spleen  and  lymph 
nodes,  occurs  about  the  7th  day  after  the  exposure  to  the  heat. 
The  degree  of  immunity  to  the  transplanted  cancer  seems  to  vary 
directly  with  the  amount  of  stimulation  of  the  lymphocytes  existing 
at  the  time  of  or  immediately  following  the  inoculation. 

SUMMARY. 

It  has  been  shown  that  resistance  to  transplanted  cancer  follows 
stimulation  of  the  IjTiiphoid  tissue  when  the  stimulation  is  induced 
by  either  heat  or  small  doses  of  x-rays.  In  this  paper  we  have 
attempted  to  determine  whether  the  degree  of  immunity  had  a  quan- 
titative relation  to  the  amount  of  the  stimulation.  Fortunately, 
the  two  methods  at  our  disposal  give  stimulation  of  markedly  differ- 
ent characters.  The  small  dose  of  x-rays  gives  a  sluggish  lymphoid 
cell  reaction  of  short  duration  with  a  definite  latent  period  between 
the  treatment  and  the  evidence  of  marked  stimulation,  while  after 
heat  a  short  period  of  depression  is  followed  by  a  sharp  stimulation 
continuing  over  a  much  longer  period.  The  cancer  inoculation  into 
groups  of  mice  made  immediately  after  exposure  to  x-rays  shows 
little  resistance,  while  the  inoculation  made  at  the  height  of  the 
stimulation  phase  shows  a  definite  increase  in  the  immunity.  Ani- 
mals inoculated  with  cancer  immediately  after  the  heat  treatment 
exhibit  a  pronounced  immunity,  but  not  so  marked  as  that  shown 
when  the  inoculation  is  made  at  the  height  of  the  stimulation. 

The  amount  of  resistance  shown  when  the  cancer  inoculation  is 
made  at  the  height  of  the  moderately  stimulating  effect  following 
exposure  to  x-rays,  is  much  less  than  that  seen  when  the  inoculation 
is  made  at  the  height  of  the  heat  effect  when  the  degree  of  stimula- 
tion is  much  greater.  When  the  lymphocytosis  sets  in  after  the 
tumor  graft  is  established  only  a  slight  effect  is  noted.  All  these 
results  together  are  taken  to  indicate  that  the  degree  of  immunity  is 
dependent  on  the  amount  of  lymphoid  stimulation  existing  either  at 
the  time  of  or  following  soon  after  the  cancer  inoculation. 


STUDIES  ON  X-RAY  EFFECTS. 

VII.  Effect  of  Small  Doses  of  X-Rays  of  Low  Penetration 
ON  THE  Resistance  of  Mice  to  Transplanted  Cancer. 

By  WARO  NAKAHARA,  Ph.D.,  and  JAMES  B.  MURPHY,  M.D. 
{From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  October  22,  1920.) 

Murphy  and  Morton'  have  shown  that  small  doses  of  .x-rays  cap- 
able of  stimulating  somewhat  the  circulating  lymphocytes  increase 
the  resistance  to  the  growth  of  spontaneous  tumors  in  mice.  In 
their  experiments  the  tumor  was  first  removed  by  operation,  the 
animal  was  treated  with  one  small  dose  of  x-rays,  and  the  graft  of  the 
original  tumor  was  returned  to  the  left  groin  of  the  same  animal, 
any  direct  effect  of  x-rays  on  the  tumor  being  thus  avoided.  Studies 
of  the  stimulative  effect  of  x-rays,  generated  by  a  Coolidge  tube, 
on  lymphoid  cells  showed  that  the  dose  of  x-rays  governed  by  the 
following  factors  will  increase  lymphoid  activity  in  the  rabbit :-  |  inch 
spark-gap,  milliamperage  25,  distance  from  target  8  inches,  and  time 
of  exposure  20  minutes.  This  dose  with  its  original  factors  was  not 
satisfactory  when  applied  to  another  species  of  animal,  namely  mice, 
but  by  shortening  the  time  of  exposure  it  was  possible  to  induce  an 
active  proliferation  of  lymphoid  tissue  in  these  animals.^  The  best 
results  were  obtained  when  the  exposure  was  of  10  minutes  duration.^ 

There  have  been  accumulated  numerous  facts  which  point  to  the 
conclusion  that  the  activity  of  lymphoid  cells  is  a  factor  governing 
resistance  to  the  growth  of  cancer.  With  the  detemiination  of  the 
x-ray  dose  which  suffices  to  induce  lymphoid  stimulation,  another 
opportunity  was  offered  to  test  the  part  played  by  lymphoid  cells  in 
this  state  of  resistance. 

1  Murpliy,  Jas.  B.,  and  Morton,  J.  J.,  /.  Exp.  Med.,  1915,  .x.xii,  800. 

2  Thomas,  M.  M.,  Taylor,  H.  D.,  and  Witherbee,  W.  D.,  J.  Exp.  Med.,  1919, 
xxix,  75.    Nakahara,  W.,  J.  Exp.  Med.,  1919,  xxix,  83. 

'  Nakahara,  W.,  and  Murphy,  Jas.  B.,  J.  Exp.  Med.,  1920,  xxxi,  13. 
■'  Murphy,  Jas.  B.,  Proc.  Nat.  Acad.  Sc,  1920,  vi,  35. 
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STUDIES  ON  X-RAY  EFFECTS.      VU 


EXPERIMENTAL. 

Young  adult  white  mice  were  exposed  to  the  following  dose  of 
x-rays:  spark-gap  |  inch,  milliamperage  25,  distance  from  target  to 
back  of  mouse  in  the  ordinary  attitude  8  inches,  and  time  of  exposure 
10  minutes.  From  3  to  7  days  afterwards  the  mice,  together  with  a 
suitable  number  of  controls,  were  inoculated  subcutaneously  in  the 
left  groin  with  a  bit  of  a  transplantable  cancer  (Bashford  Adeno- 
carcinoma No.  63).  The  rate  of  growth  of  the  tumor  was  noted  at 
weekly  intervals  thereafter. 

Table  I  gives  the  number  of  mice  and  the  degree  of  resistance 
shown  at  the  end  of  3  weeks  after  inoculation  (Text- figs.  1  to  3). 


TABLE   I. 


Interval 

between  ex- 

Experiment 

posure  to 

No. 

x-rays  and 

tumor 

iooculation. 

days 

1 

3 

2 

5 

3 

5 

4 

7 

5 

7 

6 

7 

7 

7 

Immunity  in  x-rayed  animals. 


40.0  per 

cent  (10  mice). 

50.0    " 

"    (16    "   ). 

20.0    " 

"    (10    "   ). 

75.0    " 

"    (  8     "   ). 

10.0    " 

"    (10    "   ). 

30.0    " 

"    (10    "   ). 

71.4    " 

"    (21     "   ). 

Immunity  in  controls. 


During  the  course  of  these  experiments  the  \'irulence  of  the  tumor 
used  varied  considerably.  In  Experiments  3,  5,  and  6  the  controls 
showed  no  resistance,  and  correspondingly  the  immunity  was  low 
among  the  x-rayed  animals.  Attention  is  called  particularly  to 
Experiment  5  (Text-fig.  2)  in  which,  at  the  end  of  3  weeks,  only  one 
animal  in  the  x-rayed  series  showed  absolute  immunity.  A  definite 
retarding  effect  was  evident,  however,  in  that  at  the  end  of  the  1st 
week  all  but  two  of  the  controls  showed  definite  tumors,  while  only 
three  of  the  x-rayed  animals  proved  to  be  susceptible.  By  the  2nd 
week  after  inoculation  all  the  control  mice  had  palpable  tumors  and 
only  five  of  the  x-rayed  animals.  This  experiment  is  a  very  good 
illustration  of  how  the  more  \arulent  tumors  mav  break  through  a 
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resistance.  While  the  degree  of  resistance  induced  by  this  dose  of 
x-rays  is  low,  yet  it  is  consistently  higher  in  the  treated  animals  than 
in  the  controls,  even  with  the  varying  growth  energy  of  the  tumors. 
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Text-Fig.  1. 
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Text-Fig.  1.  E.xperiment  2.  The  rate  of  growth  of  Bashford  Adenocarci- 
noma No.  63  in  mice  .x-rayed  before  inoculation,  contrasted  with  the  rate  of  growth 
in  untreated  mice. 

Text-Fig.  2.  Experiment  5.  The  rate  of  growth  of  Bashford  Adenocarci- 
noma No.  63  in  mice  x-rayed  before  inoculation,  contrasted  with  the  rate  of 
growth  in  untreated  mice. 


DISCUSSION. 

The  foregoing  experiments  show  conclusively  that  x-rays  given  in 
a  dose  sufficient  to  stimulate  the  lymphoid  tissues,  increase  the 
resistance  of  mice  to  a  transplanted  cancer.  As  the  degree  of  stimu- 
lation induced  by  this  agent  is  less  than  that  induced  by  exposure  to 
intense  dry  heat  or  that  following  the  injection  of  homologous  living 
tissue,  it  is  not  surprising  that  the  degree  of  resistance  is  less  than 
that  seen  after  the  emploj-ment  of  the  latter  two  methods. 
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It  is  of  interest  to  note  that  the  degree  of  resistance  exhibited  by 
the  x-rayed  mice  varied  with  the  growth  energy  of  the  tumor  as 
shown  by  the  number  of  takes  in  the  control  animals. 

Our  original  observation  that  x-rays  in  small  amounts  increased 
the  resistance  of  a  mouse  to  transplants  of  tumors,'  was  later  con- 
firmed by  Russ,  Chambers,  Scott,  and  Mottram,'*  who  used  trans- 
plants of  the  Jensen  rat  sarcoma  with  rats  as  their  subjects.  They 
gave  an  exposure  of  12  seconds  repeatedly,  instead  of  the  single  dose 
which  we  have  used. 
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Text-Fig.  3.  Experiment  7.  The  rate  of  growth  of  Bashford  Adenocarci- 
noma No.  63  in  mice  x-rayed  before  inoculation,  contrasted  with  the  rate  of 
growth  m  untreated  mice. 

SUMMARY. 

A  relatively  increased  degree  of  resistance  in  mice  to  a  certain 
strain  of  transplantable  cancer  was  demonstrated  after  treatment  of 
animals  with  small  doses  of  x-rays  capable  of  stimulating  honphoid 
tissue.  The  refractory  state  induced  was  determinable  3  to  7  days 
after  the  dose  of  x-rays  was  given. 


^  Russ,  S.,  Chambers,  H.,  Scott,  G.  M.,  and  Mottram,  J.  C,  Lancet,  1919.  i. 
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VIII.  Influence    of    Cancer    Inoculation    on    the    Lymphoid 
Stimulation  Intiuced  by  Small  Doses  of  X-Rays. 

By  WARO  NAKAHARA,  Ph.D.,  and  JAMES  B.  MURPHY,  M.D. 
{From  the  Laboratories  of  The  Rockefeller  Iitstitule  for  Medical  Research.) 

(Received  for  publication,  December  31,  1920.) 

The  studies  carried  out  in  this  laboratory  have  shown  that  immu- 
nity to  cancer,  whether  natural  or  induced,  is  attended  by  lymphoid 
stimulation.'  X-rays  have  been  employed  to  secure  the  stimulative 
effect  on  the  lymphoid  elements;-  when  of  sufficient  amount,  they 
have  been  found  to  increase^  the  resistance  of  mice  to  cancer  trans- 
plants* made  at  the  height  of  the  reaction.  On  the  other  hand,  if 
the  cancer  inoculation  is  m.ade  immediately  after  the  x-ray  treat- 
ment, no  unusual  degree  of  resistance  is  exhibited.^  Hence  it  would 
appear  that  the  early  inoculation  of  cancer  must  have  in  some  way 
interfered  with  the  development  of  the  defensive  mechanism.  The 
present  study  has  been  planned  to  elucidate  this  point. 

experimental. 

Experiment  1. — Twelve  normal  white  mice  were  given  the  following  dose  of 
x-rays  (Coolidge  tube) :  spark-gap  |  inch,  milliamperage  25,  distance  8  inches, 
and  time  of  exposure  10  minutes.  The  manner  of  applying  the  dose  was  the 
same  as  in  experiments  previously  reported.  As  soon  after  the  treatment  as  pos- 
sible the  animals  were  inoculated  subcutaneously  in  the  left  groin  with  fragments 
of  a  Bashford  adenocarcinoma.  No.  63.     Of  these  mice,  six  were  killed  for  histo- 

1  Murphy,  Jas.  B.,  and  Morton,  J.  J.,  /.  Exp.  Med.,  1915,  .xxii,  204. 
^  Murphy,  Jas.  B.,  and  Morton,  J.  J.,  J.  Exp.  Med.,  1915,  xxii,  800. 
'  Nakahara,  W.,  and  Murphy,  Jas.  B.,  J.  Exp.  Med.,  1920,  xxxi,  13. 
*  Nakahara,  W.,  and  Murphy,  Jas.  B.,  /.  Exp.  Med.,  1921,  xxxiii,  429. 
^  Murphy,  Jas.  B.,  Proc.  Nat.  Acad.  Sc,  1920,  vi,  35.    Murphy,  Jas.  B.,  Naka- 
hara, W.,  and  Sturm,  E.,  J.  Exp.  Med.,  1921,  x.\xiii,  423. 
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logical  study  48  hours  and  the  other  six  4  days  after  the  inoculation.  No  differ- 
ence was  noted  at  autopsy  between  the  two  groups  of  mice  killed  at  different 
periods. 

In  three  of  the  six  animals  in  each  group  the  spleen  and  lymph  nodes  were  found 
at  autopsy  to  be  smaller  than  is  usual  in  normal  mice.  The  mesenteric  node, 
which  is  the  largest  lymph  node  in  the  mouse,  was  in  a  few  instances  as  small  as 
the  normal  inguinal,  or  even  the  axillary  node. 

Microscopically,  a  considerable  number  of  pycnotic  cells  were  found  in  these 
organs,  but  the  deposit  of  pigment  in  the  spleen  was  never  conspicuous.  The 
most  striking  feature  was  the  almost  complete  suppression  of  the  proliferative 
activity  of  lymphoid  cells  in  half  of  the  animals  examined,  only  a  few  mitotic 
figures  being  found  in  each  section.  This  suppressed  activity  was  equally  evi- 
dent in  the  two  groups,  and  apparently  was  independent  of  the  size  of  lymphoid 
organs.  In  the  remaining  half  of  the  animals,  mitotic  figures  were  found  more 
frequently,  but  in  no  instance  was  there  any  sign  of  an  activity  above  normal. 

Experiment  2. — Eleven  normal  white  mice  were  given  the  same  dose  of  x-rays 
as  before;  six  were  killed  48  hours  and  five  4  days  after  the  treatment,  without 
having  been  inoculated  with  the  cancer.^ 

The  increase  in  the  number  of  mitotic  figures  in  the  lymphoid  tissue  was  evi- 
dent in  the  majority  of  cases;  namely,  in  nine  out  of  eleven  animals.  The  remain- 
ing two  animals  showed  only  slight  signs  of  lymphoid  proUferation,  judging  by 
the  limited  number  of  mitotic  figures  found. 

Experiment  3. — Eleven  normal  white  mice  were  treated  with  the  same  dose  of 
x-rays.  7  days  later  the  animals  were  inoculated  subcutaneously  in  the  left 
groin  with  fragments  of  Bashford  Adenocarcinoma  No.  63.  Six  of  these  mice 
were  killed  after  48  hours  and  five  after  4  days;  i.e.,  9  and  11  days  after  the  x-ray 
treatment. 

No  unusual  macroscopic  feature  of  the  lymphoid  organs  was  noted  at  autopsy. 
There  was  some  variation  in  the  histologic  condition  of  these  organs.  In  six  of 
the  eleven  animals,  there  was  an  extensive  stimulation  of  lymphoid  tissue  as  evi- 
denced by  the  large  number  of  mitotic  figures  in  the  tissue.  The  mitotic  figures 
were  found  abundantly,  not  only  in  the  area  of  the  germ  centers,  but  also  in  the 
pulp.  The  nodules  were  more  or  less  enlarged.  There  were  few  pycnotic  cells, 
and  pigment  was  almost  entirely  absent.  In  four  other  animals,  the  stimulative 
reaction  was  similar  in  kind  but  somewhat  less  pronounced.  One  animal  was 
exceptional  in  that  it  showed  almost  no  signs  of  cell  proliferation. 

Experiment  4. — Six  normal  white  mice  were  treated  with  the  same  dose  of 
x-rays  as  those  above  but  were  not  inoculated  with  cancer.  Three  were  killed 
9  days  and  three  11  days  afterwards. 

The  spleen  of  four  out  of  the  six  mice  was  found  at  autopsy  to  be  abnormally 
dark  in  color  and,  except  in  one  animal  in  which  it  was  below  normal,  of  usual 
size. 

^  This  was  a  repetition,  for  the  sake  of  comparison,  of  an  experiment  previously 
reported.' 
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Histologically,  the  dark  spleens  showed  a  great  accumulation  of  blood  in  the 
pulp,  which  was  sparingly  supplied  with  lymphoid  cells.  In  contrast  to  the 
findings  in  Experiment  3,  mitotic  figures  were  in  no  instance  abundant  in  the 
lymphoid  tissue  of  spleen  or  of  the  lymph  nodes.  Cells  with  pycnotic  nuclei  were 
numerous,  except  in  one  specimen  in  which  the  number  was  small. 

For  a  further  comparison,  the  four  preceding  experiments  were 
repeated  in  a  single  experiment  which  included  groups  subjected  to 
the  various  experimental  conditions  of  the  individual  experiments 
described  &,bove. 

Experiment  5. — Twenty-five  normal  white  mice,  divided  into  four  groups,  were 
given  the  same  dose  of  x-rays  as  in  the  previous  experiments. 

Group  1 :  eight  mice  were  inoculated  with  Bashford  Adenocarcinoma  No.  63 
immediately  after  the  treatment  with  x-rays.    They  were  kUled  3  days  later. 

Group  2:  seven  mice  were  killed  3  days  after  the  x-ray  treatment  without  hav- 
ing been  inoculated  with  cancer. 

Group  3:  six  mice  were  inoculated,  7  days  after  the  treatment  with  x-rays, 
with  the  same  strain  of  cancer  and  were  killed  3  days  after  the  inoculation;  i.e., 
10  days  after  the  x-ray  treatment. 

Group  4:  four  mice  uninoculated  with  cancer  were  killed  10  days  after  the  x-ray 
treatment. 

Of  Group  1,  all  the  mice  except  one  individual  showed  suppression  of  the  usual 
proliferation  of  the  lymphoid  elements.  Of  Group  2,  all  showed  definite  signs 
of  increased  proliferation  of  the  same  elements.  In  Group  3,  three  mice  showed 
evidences  of  extensive  stimulation,  while  the  remaining  three  had  a  less  marked 
reaction.     Group  4  showed  little  signs  of  lymphoid  proliferation. 

Hence,  the  results  of  this  experiment  are  in  agreement  with  those 
of  the  four  experiments  immediately  preceding. 

The  following  conclusions  can  be  deducted  from  the  results.  (1) 
Cancer  inoculation  made  immediately  after  a  stimulative  dose  of 
x-rays  interferes  with  the  lymphoid  reaction  and  Httle  or  no  stimula- 
tion results.  (2)  Cancer  inoculation  made  at  the  height  of  the  stimu- 
lation augments  the  lymphoid  reaction,  and  the  proliferative  activity 
of  the  cells  continues  longer  than  in  animals  which  have  been  stimu- 
lated but  have  not  received  the  cancer  inoculation.  (3)  A  propor- 
tion of  animals  given  the  stimulative  dose  of  x-rays  fails  to  react. 
It  is  of  considerable  interest  to  ascertain  whether  mice  which  fail 
to  react  are  susceptible  to  cancer  inoculations.  To  determine  this 
point  we  have  used  the  blood  counts  to  ascertain  the  absence  or 
presence  of  a  stimulative  phase. 
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Text- Fig.  1,  a  and  h.  Experiment  6.  Composite  curves  of  white  blood  cell 
counts  on  mice  x-rayed  and  inoculated  with  cancer  7  days  later,  (a)  Composite 
curves  from  fourteen  mice  proved  to  be  immune.     (6)  Composite  curves  from 

ten  mice  proved  to  be  susceptible.    Lymphocytes.    

Polymorphonuclear  leucocytes. 
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Experiment  6. — Blood  counts  were  made  on  twenty-four  mice  which  were  then 
given  an  exposure  of  x-rays  similar  to  that  used  in  the  preceding  experiments. 
7  days  later  a  second  count  was  made,  followed  by  the  inoculation  of  each  animal 
with  a  graft  of  the  Bashford  mouse  cancer,  and  14  days  later  a  third  count.  Four- 
teen of  the  twenty-four  animals  resisted  and  ten  responded  to  the  cancer 
inoculation. 
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Text-Fig.  2,  a  and  h.  Experiment  7.  Composite  white  blood  cell  counts  on 
mice  x-rayed  and  inoculated  with  cancer  7  days  later,    (a)  Composite  curves  from 

the  immune  mice.    (6)  Composite  curves  from  the  susceptible  mice. 

Lymphocytes.    Polymorphonuclear  leucocytes. 

In  the  immune  mice  (Text-fig.  1,  a)  the  average  number  of  lymphocytes  per 
c.  mm.  of  blood  before  x-ray  treatment  was  about  8,300,  the  number  of  polymor- 
phonuclear leucocytes  being  about  5,400.  6  days  after  the  treatment  (1  day 
before  cancer  inoculation)  lymphocytes  and  polymorphonuclear  cells  were  about 
11,400  and  5,000  respectively.  2  weeks  after  the  cancer  inoculation  the  lympho- 
cytes had,  however,  risen  to  approximately  20,000,  while  the  polymorphonuclear 
cells  showed  but  little  change,  being  about  6,000. 
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In  susceptible  mice  (Text-fig.  1,  V)  the  average  number  of  lymphocytes  per  c. 
mm.  of  blood  before  the  dose  of  x-rays  was  approximately  9,600,  the  average  num- 
ber of  polymorphonuclear  cells  was  5,300.  A  slight  decrease  in  the  white  cells 
was  noted  6  days  after  the  treatment,  the  lymphocyte  and  polymorphonuclear 
leucocyte  counts  being  8,000  and  4,600  respectively.  2  weeks  after  the  cancer 
inoculation  the  lymphocyte  count  was  7,000,  the  polymorphonuclear  cell  count 
5,000. 

Experitnent  7. — The  preceding  experiment  was  repeated  with  twenty-six  x-rayed 
mice,  only  nine  of  which  resisted  the  cancer  inoculation.  Blood  counts  were 
made  in  the  same  way  as  before. 

The  average  number  of  lymphocytes  per  c.  mm.  of  blood  in  immune  mice 
(Text-fig.  2,  a)  before  x-ray  treatment  was  about  6,500,  and  of  polymorphonuclear 
leucocytes  about  4,500.  6  days  after  the  x-ray  treatment  the  lymphocytes 
showed  no  material  change,  but  the  polymorphonuclear  leucocytes  went  up  to 
about  6,500.  2  weeks  after  the  inoculation  of  cancer  there  was  a  rise  of  lympho- 
cytes to  about  15,000,  while  the  polymorphonuclears  decreased  to  about  5,000. 

In  susceptible  mice  (Text-fig.  2,  b)  the  average  number  of  lymphocytes  and 
polymorphonuclear  cells  per  c.  mm.  of  blood  before  exposure  to  x-rays  was  about 
6,000  and  5,000  respectively.  No  material  change  in  these  numbers  was  observed 
6  days  after  x-rays.  2  weeks  after  cancer  inoculation,  however,  the  lymphocytes 
and  polymorphonuclear  cells  were  slightly  decreased  in  number,  the  former  being 
about  4,000  and  the  latter  about  4,500. 

DISCUSSION. 

A  comparison  of  the  experiments  described  leads  to  the  conclusion 
that  if  cancer  inoculation  is  made  immediately  after  the  stimulative 
treatment  with  x-rays,  no  lymphoid  stimulation  occurs  such  as  would 
regularly  occur  if  the  cancer  inoculation  were  not  made.  On  the 
other  hand,  if  cancer  inoculation  is  made  7  days  after  the  x-rays  are 
given,  thus  allowing  the  stimulation  to  develop  before  the  inoculation, 
there  is  in  the  majority  of  cases  what  might  be  called  a  second  stimu- 
lation of  IjTiiphoid  tissue.  It  is  significant,  in  connection  with  these 
facts,  that  while  only  little  resistance  to  the  transplantation  was 
discovered  when  cancer  was  inoculated  immediately  after  the  x-rays, 
evidence  of  increased  resistance  appeared  when  inoculation  was  post- 
poned until  the  7th  day.* 

Attention  is  drawn  in  this  connection  to  the  parallelism  existing 
between  the  lymphoid  reaction  accompanying  the  immunity  to 
cancer  grafts  induced  by  physical  agents  (x-rays)  and  that  induced 
by  a  biological  agent  (homologous  blood).     We  have  already  shown 
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that  mice  immunized  to  cancer  by  means  of  an  injection  of  defibri- 
nated  blood  show  an  increase  in  the  number  of  mitotic  figures  in  the 
lymphoid  tissue.  Such  mice,  when  inoculated  with  a  cancer  graft 
10  days  after  the  injection  exhibit  a  second  stimulation  of  the  tissue,^ 
as  well  as  a  marked  blood  lymphocytosis.'  The  experiments  reported 
indicate  a  corresponding  effect  brought  about  by  small  doses  of 
x-rays.  The  blood  counts  on  the  animals  after  the  cancer  inocula- 
tion show  that  only  the  animals  presenting  an  increase  in  the  lympho- 
cytes prove  to  be  resistant  to  the  cancer.  However,  it  should  be 
stated  that  the  blood  counts  were  not  made  at  a  time  to  show  the 
primary  stimulative  effect  of  x-rays,  since  this  reaction,  as  previously 
shown,  is  of  short  duration.  Hence  it  appears  that  as  a  result  of  the 
primary  stimulation  the  animals  have  acquired  the  ability  to  react 
more  strongly  to  a  second  stimulation;  namely,  the  cancer  inoculation. 

SUMMARY. 

Mice  treated  with  small  doses  of  x-rays  and  inoculated  with  cancer 
immediately  afterwards,  show  a  marked  suppression  of  lymphoid 
proliferation.  If,  however,  the  cancer  inoculation  is  made  7  days 
after  the  exposure  to  x-rays,  thus  permitting  the  primary  lymphoid 
stimulation  known  to  occur  soon  after  the  x-ray  treatment  to  arise, 
a  second  stimulation  takes  place  in  a  large  proportion  of  mice  thus 
inoculated. 

Changes  in  the  blood  of  mice  x-rayed  and  inoculated  with  cancer 
7  days  afterwards  show  that  the  state  of  resistance  to  cancer  inocu- 
lation is  attended  by  blood  lymphocytosis,  as  is  the  case  in  all  other 
varieties  of  immunity  to  transplanted  cancer  so  far  studied. 

'  Murphy,  Jas.  B.,  and  Nakahara,  W.,  /.  Exp.  Med.,  1920,  xxxi,  1. 


THE  ETIOLOGICAL  RELATION  OF  BACILLUS  ACTINOIDES 
TO  BRONCHOPNEUMONIA  IN  CALVES. 

By  THEOBALD  SMITH,  M.D. 

(From  the  Department  of  Animal  Pathology  of  The  Rockefeller  Institute  for  Medical 
Research,  Princeton,  N.  J.) 

Plates  42  to  50. 

(Received  for  publication,  December  28,  1920.) 

In  the  early  months  of  1917  an  outbreak  of  pneumonia  occurred 
among  calves  belonging  to  a  large  dairy  herd  in  which  about  100 
calves  are  raised  annually.  Up  to  May  1,  eleven  cases  had  been 
autopsied.  Nine  of  these  were  killed  in  advanced  stages  of  the 
disease  and  two  died.  Scattering  cases  occurred  at  the  rate  of  about 
one  a  month  into  November.  Of  these,  one  died  and  seven  were 
killed.  In  the  course  of  the  investigations  a  minute  bacillus  was 
isolated  whose  etiological  relation  to  the  pneumonia  was  left  in  doubt.' 
In  this  outbreak  a  peculiar  disease  of  the  kidneys  occurred  in  ten 
out  of  the  nineteen  cases.  The  lesions  were  situated  in  the  cortex 
and  consisted  of  foci  of  sclerosis  with  destruction  of  the  secreting 
tissue. 

More  than  2  years  later,  in  October,  1919,  there  began  in  the  young 
stock  of  the  same  herd  a  similar  series  of  cases.  Up  to  March  of 
1920,  ten  cases  came  to  autopsy.  Of  these  four  had  died  and  six  were 
killed.  The  kidney  lesions  were  absent.  A  belated  case  was  observed 
in  June.  There  may  have  been  more  cases  which  recovered  without 
being  detected,  since  no  careful  clinical  examination  was  made  and 
the  disease  was  recognized  only  when  the  respiration  had  become 
sufhciently  abnormal  to  warrant  removal  from  the  herd.  The  ratio 
of  animals  openly  diseased  to  the  entire  number  of  calves  was  rela- 
tively low.  This  may  have  been  due  to  the  fact  that  the  calves  were 
kept  in  groups  of  six  to  eight  in  adjoining  open  pens,  those  of  nearly 
the  same  age  being  kept  together. 

'  Smith,  T.,  /.  Exp.  Med.,  1918,  xxviii,  333 
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In  the  second  outbreak  the  lesions  of  the  respiratory  tract,  more 
particularly  of  the  lungs,  were  the  chief  if  not  the  only  ones.  In 
the  first,  as  stated  above,  a  nephritis  was  associated  with  over  half 
the  cases.  In  the  present  article  references  to  the  nephritis  will  be 
omitted  and  made  the  subject  of  a  separate  paper.  A  description  of 
the  bacillus  was  published  in  1918.'  Its  chief  distinguishing  char- 
acters are  briefly  as  follows: 

1.  Multiplication  in  the  form  of  small  flakes  up  to  1  mm.  in  diameter  which 
consist  of  parallel  bundles  of  filaments,  each  filament  terminating  in  two  club- 
like expansions,  one  at  each  end.  The  flake  thereby  becomes  more  or  less  rounded, 
mulberry-like,  and  resembles  a  sphere  with  clubs  projecting  from  the  central 
mass.  In  this  Actinomyces-\ike  growth  and  within  the  sheathing  filaments  are 
chains  of  minute  bacilli. 

2.  The  sheaths  and  clubs  are  produced  in  the  condensation  water  of  coagulated 
serum  and  to  a  less  extent  on  the  sloped  surface  but  not  on  agar  plus  tissue  or 
blood.  On  these  latter  media  the  growth  is  feeble  and  the  organism  appears  in 
the  form  of  rods  without  the  sheaths.    It  often  faUs  entirely. 

3.  On  ordinary  media  such  as  plain  agar  and  bouillon  the  bacillus  multiplies 
very  faintly  or  not  at  all. 

4.  After  10  or  more  days  growth  on  the  agar  plus  blood  or  tissue,  minute 
refringent  bodies  are  found  free  in  large  numbers  and  also  within  the  remaining 
rods.  In  some  cultures  all  bacilli  had  disappeared.  This  phenomenon  has  been 
tentatively  interpreted  as  spore  formation. 

5.  The  bacillus  fails  to  produce  any  appreciable  lesions  in  small  animals. 

Pathological  Anatomy  and  Bacteriology  of  Individual  Cases. 

The  gross  appearances  of  the  lungs  differed  very  much  from  ani- 
mal to  animal  but  the  cases  could  be  grouped  according  to  certain 
characters  into  acute,  chronic,  and  intermediate  types.  The  impor- 
tant features  of  the  pneimionia,  both  pathological  and  bacteriological, 
are  best  presented  by  a  brief  description  of  certain  cases  which  will 
form  the  basis  for  a  discussion  of  the  etiology.  For  the  names  applied 
to  the  different  lobes  of  the  cow's  lungs  in  these  pages,  the  reader  is 
referred  to  the  description  of  Text-figs.  1  and  2,  page  450. 

No.  440. — Female  calf,  aged  49  days.  Died  suddenly  Nov.  12,  1919,  and  was 
autopsied  within  a  few  hours.  There  is  no  history  of  any  pronounced  illness 
preceding  death,  although  this  may  have  been  overlooked  by  the  attendant. 

The  lesions  are  restricted  to  the  respiratory  organs.  The  lungs  are  afJected 
symmetrically.    Both  cephalic  and  ventral  lobes  are  sohdified  with  the  exception 
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of  six  or  more  small  air-containing  regions  along  caudal  border  of  right  cephalic 
lobe  and  several  along  dorsal  margin  of  the  same  lobe.  Near  root  of  right  ven- 
tral lobe  there  is  an  air-containing  region  several  centimeters  in  diameter.  The 
large  caudal  lobes  are  solidified  in  the  cephalic  third  or  half.  The  involved  tissue 
covers  much  more  of  the  diaphragmatic  than  of  the  dorsal  surface  of  these  lobes. 
Air-containing  lobules  encroach  on  the  hepatized  territories  and  foci  of  collapsed 
lobules  extend  into  and  permeate  the  air-containing  portions.  The  smaU  azygous 
lobe  consists  of  inflated  and  dark  red  collapsed  regions  intermingled. 

The  involved  lobes  are  as  firm  as  liver  tissue  to  the  touch.  Their  dimensions 
are  about  twice  those  of  lungs  normally  collapsed.  The  gross  appearance  of  the 
pneumonic  regions  differs  from  lobe  to  lobe.  The  cephalic  and  ventral  lobes  show 
closely  set,  gra>dsh  dots  1  to  3  mm.  in  diameter  on  a  dark  red  ground,  excepting  a 
strip  comprising  the  dorsal  border,  where  the  tissue  is  uniformly  dark  red,  lacking 
the  lighter  dots.  Similarly,  the  caudal  lobes  show  the  mottled  character  in  a 
strip  adjacent  to  the  ventrals  and  the  smooth,  more  uniform  condition  caudally, 
bordering  on  the  still  air-containing  regions  of  these  lobes.  The  mottling  is  also 
found  on  section.  Embedded  in  one  ventral  lobe  there  are  several  foci,  4  to  5 
mm.  in  diameter,  which  are  made  up  of  a  semisolid  caseous  matter.  Quite  small 
foci  1  to  2  mm.  in  diameter  of  similar  character  are  found  here  and  there  in  the 
other  lobes. 

Larjmx  and  trachea  are  normal.  At  bifurcation  there  is  a  mass  of  whitish 
mucoid  substance.  Both  bronchi  are  deeply  congested  and  flecks  of  whitish, 
soft,  mucoid  material  are  scattered  over  the  mucosa.  When  the  lobes  are  cut 
across  and  gently  compressed,  minute  whitish  molds  are  forced  out  of  the  smaller 
bronchioles.  The  lymph  nodes,  both  mediastinal  and  bronchial,  are  somewhat 
enlarged,  on  section  slightly  congested  and  juicy.  Occasional  whitish,  point-like 
foci  are  seen  on  the  cut  surface.  The  pleura  is  normal.  The  heart  is  flabby; 
pericardium  normal.  In  the  fat  around  the  base  of  the  right  ventricle  there  is 
some  patchy  hemorrhage.  Both  sides  of  the  heart  contain  large,  dark,  soft  clots 
extending  as  cylindrical  molds  into  all  the  large  vessels. 

Sections  from  fixed  and  hardened  tissue  of  the  various  lobes  stained  in  eosin 
and  methylene  blue  present  the  following  features.  The  small  air  tubes  are 
filled  with  a  mixture  of  cells  and  a  peculiar,  faintly  bluish  red,  homogeneous  mate- 
rial, probably  mucus.  The  relative  amount  of  this  and  of  cellular  material  varies 
from  tube  to  tube.  Within  the  parenchyma  there  are  foci  consisting  each  of  a 
group  of  alveoli  which  are  packed  with  ceU  masses  and  the  homogeneous  substance 
referred  to  above.  Among  the  desquamated  alveolar  epithelial  cells  are  smaller 
cells  the  nuclei  of  which  have  contracted  into  irregular  star-shaped,  solidly  stained 
masses  of  chromatin  or  into  other  irregular  shapes,  simulating  the  nuclei  of  poly- 
nuclear  leucocytes.  They  are  either  lymphocytes  or  endothelial  cells.  A  few 
polynuclear  leucocytes  permeate  the  mass  of  cells  and  debris.  The  cell  foci  may 
be  so  numerous  as  to  coalesce,  or  there  may  be  between  them  a  zone  of  alveoli 
in  which  only  a  few  desquamated  alveolar  cells  are  seen.  It  is  these  cell  foci 
which  appear  to  the  naked  eye  as  the  grayish  subpleural  dots.  The  cell  masses 
in  the  bronchioles  and  the  alveoli  are  the  same  in  character. 
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Another  feature  of  significance  is  the  presence  within  the  smallest  air  tubes  of 
what  appear  to  be  ingrowths  from  the  wall  (Figs.  1  to  3).  These  ingrowths 
consist  of  cells  of  the  types  described  as  present  in  the  alveoli,  embedded  in  a 
feebly  stained  matrix.  The  epithelium  is  missing  where  the  ingrowth  takes 
place.  Within  this  matrix  are  dense  masses  of  bodies  varying  in  shape  from  min- 
ute rods  in  small  colonies  to  groups  of  roundish  bodies  2  microns  in  diameter 
with  only  the  outline  stained  (Figs.  4  to  7).  These  latter  bodies  are  also  found  in 
the  alveolar  cell  masses  but  much  less  abundantly  than  colonies  of  minute  bacilli 
(Figs.  8  and  9). 

The  origin  of  the  cloud-like  masses  of  bacteria  pushing  into  the  lumen  of  the 
air  tube  is  obscure.  A  prolonged  examination  of  sections  from  this  and  other 
cases  makes  it  probable  that  the  bacteria  start  in  the  cytoplasm  of  the 
epithelial  cells,  develop  into  colonies,  and  thereb>-  cause  a  great  increase  in  the 
size  of  the  cells  and  their  eventual  destruction.  The  mass  thus  projects  into  the 
lumen  where  some  of  the  migrating  cells  fuse  with  it,  producing  the  characteristic 
obstructing  plug.  It  is  doubtful  whether  there  is  any  actual  hjTserplasia  of  the 
epithelial  cells.  In  the  cell  foci  of  the  parenchyma  a  similar  invasion  of  the 
alveolar  cells  takes  place,  leading  to  destruction  of  such  ceUs  and  the  appearance 
of  hemorrhages  and  of  the  lymphocyte  cell  masses. 

Cultures  were  made  on  slanted  coagulated  horse  serum  and  slanted  agar  with 
and  without  a  few  drops  of  horse  blood.  All  tubes  were  hermetically  sealed  and 
incubated.  The  cultures  were  made  both  by  transferring  bits  of  lung  tissue  and 
by  inoculating  the  tubes  with  a  heavy  platinum  wire  thrust  into  the  pneumonic 
tissue.  After  several  days,  growth  appeared  and  in  all  but  a  few  tubes  B.  acii- 
noides  was  present  in  pure  culture.  In  the  remaining  tubes  a  few  foreign  colonies 
were  also  present. 

No.  -^50.— Black  and  white  female  calf.  Born  Oct.  27,  1919.  Attendant  re- 
ported that  on  Nov.  27  the  calf  did  not  eat  its  food  and  that  breathing  was  rapid. 
From  that  day  on  the  temperature  was  taken  several  times  and  found  to  be 
around  40.5°C.  There  was  much  coughing,  the  respirations  continued  short  and 
superficial,  and  emaciation  progressive.  Dec.  4.  The  calf,  then  weighing  85 
pounds,  was  killed  by  stunning  with  a  heavy  blow,  clamping  the  trachea  to  pre- 
vent aspiration  of  stomach  contents  into  the  lungs,  and  opening  the  vessels  of 
the  neck.  There  was  nothing  noteworthy  about  the  organs  excepting  the  respira- 
tory tract. 

When  the  thorax  was  opened  the  lungs  collapsed  with  force.  The  distribution 
of  the  pneumonic  lesions  is  somewhat  less  extensive  than  in  the  preceding  case. 
Both  cephalics  and  ventrals  are  entirely  consolidated.  The  cephalic  half  of  the 
azygous  lobe  and  a  narrow  strip  along  the  cephalic  margin  of  the  right  caudal 
lobe  are  involved.  The  left  caudal  lobe  is  intact.  There  is  a  narrow  margin  of 
air-containing  lung  tissue  along  the  dorsal  ridge  of  both  lungs  almost  to  the 
cephalic  tip,  also  small  inflated  lobules  in  the  left  ventrocephalic  lobe. 

The  condition  of  the  consolidated  lobes  is  not  the  same  throughout.  The  right 
cephalic  and  the  right  ventral  lobes  are  much  larger  than  the  normal  collapsed 
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condition  would  be.  They  are  grayish  red  to  grayish  yellow  in  appearance.  The 
remainder  of  the  affected  lung  is  but  a  trifle  larger  than  in  the  normal  collapsed 
state  and  dark  red  with  a  faint,  regular  mottling  of  a  lighter  color.  In  this  lung 
the  gra>nsh  dots  or  granulations  characteristic  of  the  preceding  case  are  absent. 
The  pleura  is  normal. 

The  lower  portion  of  the  trachea  and  the  main  bronchi  at  the  bifurcation  con- 
tain masses  of  a  viscid,  opaque,  whitish,  dough-Uke  mucopus.  The  same  glairy, 
pearly  white  masses  can  be  expressed  from  the  cut  ends  of  the  minute  air  tubes 
of  the  dark  red  lobes.  Only  a  small  amount  is  expressible  from  the  air  tubes  of 
the  large  grayish  lobes.  This  glairy  matter  is  very  tenacious  and  breaks  up  into 
fragments  when  crushed  between  cover-glasses.  The  bulk  of  the  material  is 
made  up  of  polynuclear  leucocytes.  The  dark  reddish  tissue  is  quite  moist  when 
rubbed  on  covers,  the  grayish  less  so.  The  latter  leaves  on  the  cover-sHp  a  smeary, 
milky  film.  Projecting  from  the  right  ventral  lobe  is  a  whitish  mass  the  size  of 
a  pea.  It  is  made  up  of  a  thin  walled  cyst  filled  with  a  readily  dislodged,  dough- 
like mass.  Cover-glass  films  show  abundant  alveolar  epithelium,  polynuclear 
leucocytes,  and  several  dense  masses  of  very  fine,  rather  feebly  stained  bacilli. 
Fikns  from  tracheal  and  bronchial  mucopus  and  from  lung  parenchyma  contain 
the  same  cellular  and  bacterial  elements. 

The  difference  between  the  gross  pictures  of  the  lungs  of  Nos.  440  and  450  is 
paraOeled  by  differences  in  the  microscopic  picture.  The  pecuhar  cell  infiltration 
in  No.  440  has  disappeared  and  polynuclear  leucocytes  have  taken  its  place.  The 
cell  plugs  in  the  air  tubes  contain  chiefly  polynuclears  among  which  are  scatter- 
ing alveolar  cells.  The  peculiar  amorphous,  homogeneous  material  which  was 
regularly  associated  with  colonies  of  bacteria  in  No.  440  is  absent  and  bacteria 
are  not  detected.  The  parenchyma  is  the  seat  of  polynuclear  infiltration  in  foci 
which  coalesce  in  the  older  stages  and  in  the  more  recent  stages  gather  irregularly 
in  the  collapsed  tissue.  The  invasion  of  new  territories  is  characterized  by  a  ring 
of  fibrin -blocked  alveoli  around  the  invaded  air  tube  and  occasionally  hemorrhages. 
The  interlobular  tissue  contains  oval  masses  of  fibrin  lodged  in  the  distended  lymph 
spaces. 

The  difference  between  the  two  cases  is  further  indicated  by  a  new  feature. 
All  small  air  tubes  are  surrounded  by  a  loose  zone  of  cells  which  resemble  plasma 
cells  in  form  and  the  basophOic  character  of  the  cytoplasm  and  which  coUect  in 
the  subepithelial  tissue. 

Cultures  prepared  from  the  different  lobes  by  transferring  bits  of  lung  tissue  to 
horse  serum,  agar  and  blood,  and  plain  agar,  as  well  as  by  inoculating  the  same 
kind  of  media  with  heavy  and  fine  platinum  wire  forced  into  the  lung  tissue 
yielded  cultures  of  B.  actinoides  which  were  pure  with  the  exception  of  those 
from  the  azygous  lobe  in  which  a  few  large  streptothrix-like  colonies  appeared. 
The  tubes  inoculated  with  the  heavy  platinum  wire  developed,  whereas  most  of 
those  inoculated  with  a  fine  wire  remained  sterOe. 

No.  446. — This  is  a  case  which  duplicates  in  all  particulars  No.  450  (Fig.  14). 
This  calf  was  born  in  September  and  was  2  months  and  2  days  old  when  killed. 
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Cultures  prepared  from  the  diflferent  lobes  in  the  manner  described  for  No.  440 
developed,  with  few  exceptions,  growths  of  B.  actinoides.  A  few  stray  colonies 
of  other  kinds  were  present  in  several  tubes. 

No.  432. — This  case  may  be  classed  as  intermediate  between  the  first  and  the 
following  group.  Female,  born  June  21;  killed  Oct.  21,  when  4  months  old. 
The  meager  data  indicate  that  it  was  sick  with  some  respiratory  affection  late  in 
July  and  early  in  August.  Early  in  October  the  respiration  became  short  and 
quick,  there  was  frequent  coughing,  and  the  calf  breathed  with  mouth  open.  The 
respirations  continued  short  and  labored  until  it  was  killed.  The  temperature 
fluctuated  between  39°  and  40°C.  The  animal  was  killed  by  a  stunning  blow  on 
the  head,  clamping  trachea,  and  severing  vessels  of  neck. 

The  consolidation  of  the  lungs  is  of  the  usual  extent.  The  pneumonic  process 
involving  completely  the  cephalic  half  of  both  lungs  has  invaded  both  caudal 
lobes  and  is  separated  from  the  air-containing  tissue  by  a  sharp,  irregular,  jagged 
"line.  Pneumonic  lobules  also  appear  as  islands  in  these  lobes.  The  trachea  con- 
tains whitish,  mucoid  masses  and  the  small  air  tubes  of  the  afifected  lobes  are 
filled  with  molds  of  similar  material. 

The  hepatization  is  very  firm,  the  affected  lobes  about  twice  the  dimensions  of 
the  normal  collapsed  state.  The  surface  is  mottled  like  that  in  No.  440.  Necro- 
sis is  absent.  The  cut  surface  shows  the  walls  of  the  small  air  tubes  distinctly 
thickened.  In  general  the  gross  appearance  indicates  that  the  process  is  more 
or  less  of  the  same  age  throughout,  except  in  the  caudal  lobes,  where  it  is  freshest. 
The  mucopurulent  molds  from  the  small  air  tubes  and  the  loose  masses  in  the 
trachea  contain  large  numbers  of  very  minute  and  somewhat  larger  bacilli.  His- 
tological examination  of  sections  from  the  different  lobes  indicates  a  transition 
in  the  pathological  process  from  that  of  No.  440  to  that  of  No.  450.  In  some  re- 
gions the  infiltrating  cell  masses  are  mononuclear,  the  contents  of  the  minute  air 
tubes  largely  made  up  of  the  homogeneous,  bluish  stained  substance  and  groups 
of  minute  bacilU.  In  others,  pol>Tiuclears  predominate  both  in  the  parenchj-ma 
and  the  air  tubes,  and  bacteria  are  rare  or  absent. 

The  bacterioIogS'  of  the  processes  in  this  lung  is  complicated.  On  the  agar 
and  blood  agar  slants  many  roundish,  rather  fleshy  colonies  develop  which  have 
the  cultural  characters  of  the  hemorrhagic  septicemia  group  but  with  very  low 
virulence.  The  general  presence  of  B.  pyogeties  is  indicated  by  hquefung  colonies 
in  all  horse  serum  tubes.  A  third  type  of  bacilli  not  identified  was  present  in 
some  tubes.  Identifiable  by  its  pecuhar  growth,  B.  actinoides  was  demonstrated 
as  occurring  in  most  tubes,  but  repeated  attempts  to  obtain  it  in  pure  culture 
iailed,  owing  to  the  predominance  of  the  other  types. 

A  type  of  pneumonia  more  acute  than  that  represented  by  No.  440 
was  observed  in  three  cases.  No.  429,  the  first  of  the  present 
outbreak  to  come  to  autopsy,  was  born  September  7  and  died  Octo- 
ber 12.    The  second,  No.  436,  was  born  September  20  and  died 


THEOBALD   SMITH  447 

November  4.  The  third,  No.  447,  was  born  October  17  and  died 
November  29.  The  three  calves  were  thus  respectively  35,  45,  and 
43  days  old  at  the  time  of  death.  The  three  cases  present  certain 
differences  among  themselves. 

No.  429.— MX  lobes  are  much  enlarged  over  the  normal  collapsed  size.  There 
is  an  adhesion  of  most  of  cephalic  and  ventral  lobes  to  ribs  and  to  pericardium. 
The  attachments  are  easily  broken  except  the  adhesion  of  right  cephalic  lobe  to 
pericardium  which  is  not  separable.  Consolidation  of  all  but  one-half  of  right 
caudal  and  two-thirds  of  left  caudal  lobe.  There  is  a  general  faint  putrefactive 
odor  emanating  from  the  lungs.  The  affected  lung  tissue  is  dark  red  and  sprinkled 
over  with  numerous  yellow,  cheesy  foci  2  to  5  mm.  in  diameter  and  projecting 
slightly  above  the  pleura.  These  foci  permeate  the  lung  tissue  with  the  exception 
of  the  caudal  and  azygous  lobes  in  which  such  foci  are  few  and  small.  Besides 
the  small  foci  the  right  cephalic  lobe  contains  a  sequestrum  2  by  2  by  5  cm.,  yel- 
lowish, and  firm  like  rubber.  The  trachea  is  uniformly  reddened  and  covered 
with  whitish,  viscid  flakes. 

No.  436. — Extent  of  lung  involvement  and  size  of  affected  lobes  are  as  in  No. 
429.  The  lung  tissue  resembles  that  of  No.  440.  It  is  sprinkled  over  densely 
with  Ughter  grayish  foci  about  0.5  mm.  in  diameter.  On  pressure  ver>-  little  fluid 
and  only  a  few  consistent  molds  can  be  expressed  from  the  air  tubes.  The  mul- 
tiple necroses  found  in  No.  429  are  absent.  The  mucosa  of  the  trachea  is  uni- 
formly congested,  the  bronchi  deeply  so,  bordering  on  hemorrhage.  The  mucosa 
has  on  it  some  very  thin  patches  of  a  pseudomembrane. 

No.  447. — -The  involvement  is  somewhat  less  extensive  than  in  Nos.  429  and 
436.  The  pneumonic  lobes  are  firm,  only  moderately  larger  than  the  normal 
collapsed  state,  uniformly  dark  red,  and  interspersed  with  a  few  inflated  lobules. 
There  is  no  distinct  mottling  with  lighter  dots  as  in  No.  436,  but  the  surface  is 
rather  variegated  with  larger  patches  of  lighter  color.  Necrotic  foci  are  not 
found.  The  trachea  is  clean  and  normal  to  the  bifurcation  where  some  flour- 
paste-Mke  masses  of  mucopus  are  lodged.  The  main  bronchi  of  affected  lobes 
are  filled  with  a  similar  thick  pasty  mass  but  those  of  the  caudal  lobes  are  free. 

The  microscopic  picture  in  these  three  cases  as  constructed  from  sections  of 
the  different  lobes  is  very  much  like  that  of  No.  440  already  described.  The  con- 
solidation is  due  to  focal  infiltration  of  the  parenchyma  with  the  type  of  cell  de- 
scribed under  No.  440.  Polynuclears  are  scarce  or  absent.  The  minute  air  tubes 
contain,  besides  ceU  masses,  the  homogeneous,  bluish  stained  material,  and  it  is 
in  and  among  this  material  that  masses  of  minute  bacteria  occur.  The  necroses 
of  No.  429  occupy  variable  areas  of  lung  tissue  in  which  the  alveoK  have  become 
impacted  with  the  cell  type  mentioned.  In  these  cases  the  gathering  of  plasma 
cells  in  the  mucous  membrane  of  the  air  tubes  had  not  yet  begun. 

Cultures  made  from  different  parts  of  the  lungs  of  the  three  cases  indicated  the 
presence  of  various  species.    Present  in  all  three  was  B.  pyogenes,  especially  abun- 
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dant  in  No.  429,  less  so  in  No.  436,  and  least  so  in  No.  447.  The  sections  contain- 
ing the  necrotic  foci  of  No.  429  stained  according  to  Gram-Weigert  showed  large, 
deep  blue  spots  resolved  as  minute  bacilli  and  evidently  colonies  of  B.  pyogenes. 
Several  other  types  of  colonies  were  found  in  the  cultures.  B.  aclinoides  could 
not  be  detected  in  cultures  from  Nos.  429  and  436.  Several  cultures  from  No. 
447  contained  large  numbers  of  colonies  of  B.  aclinoides  but  pure  cultures  failed 
because  of  the  presence  of  B.  pyogenes.  Inasmuch  as  the  type  of  disease  was 
the  same  in  the  three  cases,  it  is  probable  that  B.  pyogenes,  being  an  acid  producer, 
interfered  with  the  development  of  B.  aclinoides. 

Another  group  of  cases  is  represented  by  calves  in  which  the  disease 
processes  have  gone  on  more  slowly  and  to  a  much  farther  stage. 
The  involved  tissues  have  become  necrotic  and  encapsuled,  causing 
firm  adhesions  of  the  pleura  to  the  chest  wall  and  pericardium.  There 
is  a  broad  zone  of  plasma-like  cells  around  the  smaller  air  tubes,  vary- 
ing in  size  with  the  age  of  the  calf. 

Case  455. — Female  calf  bom  July  26;  4  months  old  lacking  3  days  when  killed. 
The  attendant  reported  that  this  calf  was  sick  with  scours  in  August.  Late  in 
September  it  had  a  cold  and  in  November  symptoms  of  pneumonia  were  present. 
When  killed  it  was  ver>'  thin,  the  respirations  short  and  labored.  The  cough  was 
frequent,  the  temperature  40°C. 

In  this  case  also  the  pathological  changes  were  limited  to  the  respiratory  organs. 
When  the  sternum  was  removed,  the  lungs  collapsed  vigorously.  The  pneumonic 
process  had  the  usual  extent  and  symmetrical  distribution.  The  appearance  of 
the  lobes  was  much  the  same.  The  tissue  is  a  reddish  yellow  and  beset  with  closely 
crowded  gra>-ish  areas,  about  2  mm.  in  diameter,  although  varying  more  or  less 
in  size.  Similar  areas  are  seen  on  the  cut  surface.  In  the  right  cephalic  lobe  the 
grayish  areas  are  larger  and  tend  to  coalesce.  In  the  free  tip  of  this  lobe  there  is 
a  group  of  larger  foci  about  pea  size,  made  up  of  thin  walled  sacs  containing  what 
appears  to  be  in  part  necrotic  lung  tissue,  in  part  mucus  and  pus.  The  pleura 
covering  these  foci  gives  rise  to  delicate  fibers  attaching  lobe  to  pericardium. 
The  mucosa  of  the  trachea  is  normal  and  has  lying  in  it  white,  curdy,  viscid  masses 
4  to  5  mm.  in  diameter  made  up  of  polynuclear  cells,  alveolar  epithelium,  mucus, 
and  some  minute  bacilli.  AU  the  small  air  tubes  in  the  consolidated  lobes  when 
compressed  exude  thick,  glairy,  pearly  white  masses.  Microscopically  this  mate- 
rial is  like  that  in  the  lower  trachea.  AH  thoracic  IjTnph  nodes  are  distinctly  larger 
than  normal;  on  section  quite  moist  and  exuding  a  milky  fluid. 

The  histological  picture  differs  in  degree  from  that  of  the  more  acute  types. 
The  most  striking  character  is  the  presence  of  a  zone  of  plasma  cells  under  the 
epitheUum  of  the  air  tubes,  varying  in  thickness  and  especially  broad  in  some  lobes. 
The  smallest  air  tubes  are  distorted,  or  else  nearly  obliterated  so  that  their  pres- 
ence is  only  indicated  by  the  plasma  cell  groups  and  zones.    These  cell  zones  plus 
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a  broadening  of  the  submucous  layer  probably  represent  the  grayish  areas  seen 
from  the  surface  and  on  section.  The  lung  tissue  around  and  between  these  zones 
is  either  slightly  inflated  and  contains  some  desquamated  cells,  or  else  is  collapsed 
or  filled  with  polynuclear  leucocytes.  In  sections  bacteria  are  not  seen,  except 
in  one  large  mass  growing  into  and  nearly  obliterating  the  already  dilated  and 
deformed  tube.  In  this  mass  colonies  of  fine,  rather  feebly  stained  bacilli  are 
present.  The  flora  of  the  pneumonic  lobes  of  this  case  resembles  somewhat  that 
of  No.  432.  Of  the  large  number  of  cultures,  about  thirty  in  all  prepared  with 
minute  and  pea  size  bits  of  lung  tissue,  all  showed  development.  The  colonies 
in  each  tube  were  few  in  number.  B.  pyogenes  predominated  in  being  present 
in  most  tubes.  A  second  form,  consisting  of  2  to  3  mm.,  smooth,  grayish,  trans- 
lucent colonies  which  tended  to  flow  down  the  slant,  was  probably  a  variety  of 
B.  bovisepiicus.  Several  other  forms  were  present.  B.  actinoides  was  detected 
in  only  two  cultures  among  other  forms.  Among  several  cultures  from  bits  of 
tissue  from  thoracic  lymph  nodes,  one  contained  B.  Pyogenes. 

Case  462  {Text-Figs.  1  and  2  and  Fig.  12). — Female,  born  Nov.  4;  killed  Jan.  7, 
weighing  at  this  time  102  pounds.  It  began  life  with  scours  which  persisted  for 
some  weeks.  Evidences  of  respiratory  trouble  began  to  appear  Dec.  27.  Al- 
though only  a  few  days  over  2  months  old  when  kUled,  it  presented  advanced 
destructive  lesions  in  larger  number  than  any  other  case  of  this  small  outbreak. 
The  pathological  changes,  if  we  except  the  general  disappearance  of  fat  deposits, 
were  restricted  to  the  lungs.  Both  cephahc  and  ventral  lobes  and  a  small  adjacent 
zone  of  both  caudal  lobes  were  involved.  The  smaller  lobes  were  adherent  to 
the  chest  wall  and  pericardium  through  thin  bands  severed  with  some  difficulty. 
In  all  but  the  caudal  lobes  are  isolated  or  agglomerated,  whitish,  projecting  nodes 
5  to  10  mm.  in  diameter.  The  lung  tissue  between  them  is  dark  red  and  beset 
with  paler  grayish  areas  2  to  3  mm.  in  diameter.  The  nodes  are  sacs  containing 
a  glistening,  pearly  white,  viscid,  flour-paste-like  mass,  rather  sticky  and  not 
easily  spread  on  cover-slips.  It  consists  of  cellular  elements  among  which  are 
dense  masses  of  minute  bacilli.  Within  this  mucoid,  whitish  coating  is  a  nucleus 
consisting  of  a  lobulated  mass  not  so  white  as  the  mucoid  covering,  more  brittle, 
and  finely  spongy.  The  gross  and  microscopic  characters  indicate  necrotic  lung 
tissue.  The  walls  of  the  cavities  containing  the  sequestra  are  1  to  1.5  mm.  thick, 
and  smooth.  Where  a  number  of  cavities  are  close  together  they  evidently  com- 
municate, since  pressure  continues  to  force  the  necrotic  and  mucoid  masses  out 
of  all  the  cavities  through  one  opening.  Stained  films  of  tracheal  mucopus  and 
pus  from  the  necrotic  foci  show  besides  cellular  elements  many  minute  bacilli 
frequently  in  dense  masses.  The  air  tubes  of  the  affected  lobes  contain  the  same 
viscid,  mucoid,  purulent  masses  found  in  preceding  cases. 

The  histological  changes  found  in  the  various  lobes  do  not  differ  materially 
from  those  of  the  advanced,  chronic  type.  In  general  there  is  much  collapse  of 
the  parenchyma  with  marked  broadening  of  the  alveolar  walls  due  to  infiltration 
of  endothelial  cell  types.  The  collapsed  tissue  is  focally  occupied  by  dense  infil- 
trations of  polynuclear  cells  into  the  alveoli.    In  some  lobes  the  normally  distended 
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alveoli  contain  sparse  collections  of  desquamated  cells  and  polynuclears.  The 
air  tubes  in  some  lobules  have  a  dense  enveloping  zone  of  plasma  cells.  In  others 
it  is  very  slight.  Sections  through  the  necrotic  foci  show  sequestra  of  lung  tissue 
enclosed  in  a  dense  zone  of  plasma  cells  and  more  or  less  connective  tissue  stroma. 
Bacteria  colonies  are  not  seen. 


Text-Fig.  1. 


Text-Fig.  2. 


Diagrams  of  involved  lung  tissue,  Calf  462. 

Text-Fig.  1.  Dorsal  aspect. 

Text-Fig.  2.  Ventral  or  diaphragmatic  aspect. 

In  the  text  the  lobes  are  designated  cephalic,  ventral,  and  caudal.  In  the  right 
lung  the  cephaUc  lobe  is  relatively  verj'  large  and  has  a  separate  bronchus.  In 
Text-fig.  2  the  small  median  or  azygous  lobe  is  shown.  The  normal  lung  tissue 
is  unshaded;  the  heavily  shaded  circles  represent  necrotic  tissue;  the  areas  cross- 
hatched  designate  an  older  stage  than  the  areas  having  parallel  lines  only. 


Cultures  were  prepared  from  the  different  lobes  on  several  media  as  described 
under  Case  440.  The  extensive  necrosis  of  lung  tissue  naturally  led  to  the  infer- 
ence that  a  variety  of  bacteria  would  be  found.  This,  however,  was  not  the  case. 
In  none  of  nine  horse  serum  tubes  did  any  liquefaction  suggesting  B.  pyogenes 
occur.  In  all  but  one,  which  remained  sterile,  B.  aclinoides  multipHed  in  pure 
culture.  Similarly  the  plain  agar  tubes  containing  bits  of  tissue  and  blood  agar 
tubes  developed  pure  cultures  of  B.  aclinoides  with  two  exceptions  in  which  a  mold 
and  a  fleshy  colony  appeared. 
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The  following  case  was  the  last  of  this  particular  outbreak. 

No.  508. — Female  calf,  born  May  7.  Attendant  gives  a  history  of  digestive 
disturbance  (scours)  beginning  a  few  days  after  birth  and  lasting  3  weeks.  When 
first  seen  June  3,  the  calf  was  emaciated,  weighing  75  pounds.  The  respirations 
were  rapid  and  shallow.  Both  nostrils  were  soiled  with  whitish,  mucoid  masses. 
The  right  ear  was  held  low  and  was  discharging  a  viscid,  pus-like  matter.  The 
temperature  fluctuated  between  39°  and  40°C.  until  June  7,  when  it  was  killed. 


Text-Fig.  3.  Text-Fig.  4. 

Text-Figs.  3  and  4.  Dorsal  and  ventral  aspects  of  lungs  of  Calf  508. 
explanation  of  the  shading  see  Text-figs,  1  and  2. 


For 


The  autopsy  showed  the  usual  lung  involvement  (Text-figs.  3  and  4).  Three 
types  of  lesions  are  present:  (1)  the  focal  necroses;  (2)  a  firm  hepatization  with 
slight  enlargement  of  the  cephalic  and  ventral  lobes,  which  are  furthermore  per- 
meated with  grayish  foci  1  to  2  mm.  in  diameter;  and  (3)  a  more  recent  stage, 
characterized  by  a  uniformly  dark  red  airless  condition.  The  affected  lobes  are 
furthermore  variegated  by  air-containing  territories.  The  lesion  referable  to  the 
right  ear  was  not  traced,  owing  to  the  injury  inflicted  by  the  blow  necessary  to 
stun  the  animal.  A  small  cavity  was  found  in  the  temporal  bone  filled  with  a 
puriform  liquid  which  may  have  been  associated  with  the  lesion.  Films  from  this 
fluid  contained  numerous  polynuclears  and  several  kinds  of  bacteria  (diplococci, 
bipolar  and  minute  bacilli).  Cultures  from  various  regions  of  the  diseased  lungs 
were  made.     In  all  a  variety  of  bacteria  developed,  among  them  B.  pyogenes.    B. 
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actinoides  was  detected  in  all  serum  cultures.  In  two  tubes  the  colonies  of  this 
bacillus  were  present  in  large  numbers  and  among  them  scattering  liquefying 
colonies  of  B.  pyogenes.  Pure  cultures  of  B.  actinoides  could  not,  however,  be 
obtained  from  these  tubes.  The  sections  of  material  fixed  in  Zenker's  fluid  did 
not  show  any  details  differing  from  those  already  described. 

As  an  illustration  of  the  condition  of  the  lungs  of  an  animal  sur- 
viving this  type  of  pneumonia,  the  following  case  from  the  first  out- 
break is  of  interest. 

No.  6. — This  calf  was  nearly  7  months  old  when  killed.  It  was  born  in  June, 
1916.  When  received  the  calf  was  normal  as  to  temperature,  respiration,  and 
pulse.  It  was  thin  and  hide-bound,  but  not  unusually  weak.  No  early  history 
was  obtained.  It  was  killed  because  unthrifty.  The  disease  was  restricted  to 
the  right  cephalic  lobe  of  the  lung.  It  was  adherent  to  surrounding  structures 
by  easily  broken  fibers.  One-half  of  the  lobe  is  permeated  with  yellowish  white 
sacs  containing  a  thick  creamy  fluid.  The  other  (caudal)  half  of  the  same  lobe 
presents  a  grayish  mottling  of  regular  pattern.  The  air  tubes  of  the  entire  lobe 
are  surrounded  by  broad,  whitish  bands,  or  zones,  and  contain  viscid,  glairy  molds. 
The  trachea  contains  a  large  amount  of  a  viscid,  flour-paste-like  whitish  matter. 
In  sections  of  the  affected  lobe  the  air  tubes  stand  out  prominently  as  thickened 
tubes.  The  thickening  is  due  to  a  broad  envelope  of  plasma  cells  and  new  con- 
nective tissue  around  them,  whOe  what  is  left  of  the  parenchyma  is  slightly  em- 
physematous and  contains  scattering  desquamated  alveolar  cells  (Fig.  13).  A 
number  of  partly  occluding  ingrowths  into  small  air  tubes  are  made  up  largely  of 
an  endothelial  cell  type  with  an  admi.xture  of  polynuclears.  In  a  mediastinal 
lymph  node,  associated  with  the  diseased  lobe,  the  normal  lymphoid  cells  are  almost 
entirely  replaced  by  the  plasma  cell  type.  Cultures  from  the  various  lobes  devel- 
oped a  rich  growth  of  a  bacterium  which  agreed  in  cultural  characters  with  the 
bipolar  type  of  organisms  {B.  hoviseplicus).  Its  virulence  towards  rabbits  was 
very  low.  At  this  time  B.  actinoides  was  not  yet  known  to  the  writer.  The  lesions 
were  ascribed  to  B.  bovisepticus. 

After  an  interval  of  6  months  following  the  second  (1919)  outbreak 
a  sporadic  case  of  pneumonia  appeared,  which  is  of  importance  in 
several  directions. 

No.  544. — Female  calf,  born  Oct.  6,  1920.  It  was  reported  sick  by  attendant 
Nov.  18  and  transferred  to  the  Institute  next  day.  The  animal  was  emaciated 
and  very  weak,  unable  to  stand.  The  respirations  were  rapid  and  shallow.  The 
buttocks  were  soiled  with  feces.  Temperature  on  Nov.  19  was  between  41°  and 
41.8°C.  during  the  day.  The  animal  refused  all  food.  Early  Nov.  20  the  atten- 
dant found  the  calf  panting  and  grunting.  It  died  soon  after  and  was  autopsied 
at  10  a.m. 
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Besides  the  extensive  pneumonic  changes,  the  only  noteworthy  lesion  is  a  sep- 
tic condition  of  the  stumps  of  both  iliac  arteries.  The  lumina  are  patent  and  the 
intima  is  coated  with  a  thin,  grayish,  pultaceous  layer  not  removable  by  washing. 
One  artery  contains  a  grayish  yellow,  cylindrical  thrombus  about  2  cm.  long. 
The  lungs  are  extensively  hepatized.  Even  the  left  caudal  lobe  is  nearly  one- 
half  solidified.  The  cephalic  and  ventral  lobes  of  both  sides  have  dimensions 
about  twice  those  of  the  normal  collapsed  lung.  The  hepatization  is  smooth, 
grayish  red,  excepting  where  the  cut  bronchi  exude  whitish,  pasty  masses.  The 
hepatization  of  the  azygous  and  the  caudal  lobes  is  of  a  dark  red  color,  less  firm. 
The  pleura  is  free,  adhesions  absent.  Necroses  are  not  detected  in  any  lobe. 
Both  main  bronchi  contain  flakes  of  thick,  glairy  matter  filling  the  mouths  of 
many  branches.  The  trachea  contains  many  roundish  masses  of  the  same  exu- 
date, pea  size  and  coated  with  froth.  Tubes  inoculated  from  various  affected 
lobes,  about  twenty  in  all,  develop,  with  one  exception,  into  pure  cultures  of 
B.  actinoides. 

The  nature  of  the  pathological  process  was  not  made  clear  in  the  sections 
examined.  The  invasion  of  the  epithelium  of  the  ultimate  bronchioles  shown  so 
clearly  in  No.  440  could  not  be  seen.  The  air  tubes  were  plugged  with  cell 
masses  extending  into  them  from  the  alveolar  ducts.  The  cells  consisted  largely 
of  pol>Tiuclears,  feebly  tinted  necrotic  cells,  and  cells  resembKng  polynuclears  in 
staining  but  with  roundish  nuclei.  Throughout  the  affected  lung  tissue  cells  of 
endothehal  and  plasma  type  were  abundant  and  intermingled  with  the  others. 
Owing  to  the  congested  condition  of  the  capillary  network  their  relation  to  the 
alveolar  waUs  was  not  clear.  Cloud-like  masses  of  minute  bacilli  were  present 
among  the  cell  masses  and  resolved  with  difficulty  into  their  elements. 

To  bring  this  case  into  relation  with  those  already  described  it 
may  be  assumed  that  the  infecting  agent  was  introduced  and  dis- 
seminated through  the  lungs  in  such  large  numbers  and  deposited  in 
so  many  places  that  the  process  did  not  have  time  to  reach  the  stage 
of  focal  necrosis  before  the  calf  died. 

To  the  information  gained  by  the  two  groups  of  cases  in  the  same 
large  herd  may  be  added  some  data  obtained  from  the  autopsies  of 
calves  used  for  producing  small-pox  vaccine  in  the  vaccine  laboratory 
of  the  Massachusetts  State  Board  of  Health  in  Boston.  During  the 
year  1908  a  small  number  of  pneumonic  lungs  were  found  in  calves 
killed  after  the  vaccine  had  been  removed.  They  weighed  between 
150  and  200  pounds. 

No.  A. — Both  cephalic  lobes  are  pneumonic.  The  affected  tissue  is  flesh-red 
with  lighter  mottling  or  else  simply  collapsed.  The  air  tubes  contain  molds  of 
creamy  pus.  Sections  show  the  stage  of  general  polynuclear  infiltration  of  paren- 
chyma and  the  filling  up  of  minute  air  tubes  with  the  same  kind  of  cell  masses. 
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In  one  section  there  is  a  cellular  irruption  into  an  air  tube  and  in  the  proliferated 
mass  are  colonies  of  minute  bacilli. 

No.  B. — Both  cephalic  and  ventral  lobes  are  consolidated,  and  there  is  also  a 
large  focus  in  the  left  caudal  lobe.  Involved  tissue  is  grayish  red  to  grayish  yel- 
low, delicately  and  regularly  mottled.  The  air  tubes  are  distended  with  whitish, 
viscid  plugs.  The  process  in  the  focus  in  the  caudal  lobe  is  freshest,  that  in  the 
free  tips  of  the  ventral  lobes  oldest.  In  general  the  histological  picture  is  that  of 
collapse,  and  infiltration  with  polynuclears.  In  one  section  there  are  two  contigu- 
ous foci  of  cell  exudation  and  hemorrhage  undergoing  necrosis.  Many  colonies 
of  fine  bacilli  are  in  the  periphery  of  these  foci  (Fig.  10).  These  cases,  as  far  as  the 
information  goes,  suggest  an  underlying  process  like  that  initiated  by  B.  aclitioides. 

The  Pathogenic  Action  of  Bacillus  actinoides. 

The  bacteriological  study  of  spontaneous  cases  pointed  to  Bacillus 
actinoides  as  the  primary  inciting  agent  of  the  bronchopneumonia 
with  Bacillus  pyogenes  and  more  rarely,  in  older  calves.  Bacillus 
bovisepticus  settling  down  in  the  occluded  air  tubes  and  necrotic 
lung  tissue.  The  next  step  was  to  determine  whether  cultures 
of  this  bacillus,  under  suitable  conditions,  could  produce  lesions 
like  those  found  in  spontaneous  cases.  In  the  following  pages  is 
given  a  brief  statement  of  observations  made  on  inoculated  calves, 
since  small  mammals  had  thus  far  shown  themselves  quite  insus- 
ceptible. Some  of  the  calves  were  inoculated  subcutaneously,  some 
intravenously,  others  into  the  trachea.  The  area  of  the  operation 
was  shaved,  cleansed  with  water  and  alcohol,  and  painted  with 
tincture  of  iodine.  In  the  intratracheal  injections,  a  small  incision 
was  made  through  the  skin  over  the  trachea  before  inserting  the 
needle. 

No.  467. — Bull  calf,  born  Jan.  21,  1920.  Dam  had  placenta  retained  at  birth 
and  swab  from  uterus  as  well  as  agglutination  test  was  positive  for  B.  abortus. 
Temperature,  taken  twice  daily,  fluctuated  between  38.5°  and  39°C.  until  Feb.  3, 
the  day  of  inoculation. 

The  turbid  condensation  water  of  a  horse  serum  culture  of  B.  actinoides  from 
Calf  462,  5  days  old  and  under  artificial  cultivation  since  Jan.  7,  was  drawn  off, 
making  about  1  cc.  in  all.  This  was  increased  to  3  cc.  by  the  addition  of  sterile 
bouiUon.  The  fluid  was  injected  into  the  subcutis  in  front  of  right  shoulder. 
The  temperature  rose  to  39.8°C.  within  3  hours  and  remained  at  the  same  level 
next  day.  On  this  day  a  local  swelling  appeared  over  the  point  of  inoculation 
about  IJ  inches  in  diameter  and  J  to  I  inch  thick.  The  temperature  fell  below 
39°C.  on  Feb.  8.    The  swelling  increased  slightly. 
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On  Feb.  19,  a  second  inoculation  was  made,  this  time  into  a  jugular  vein  with 
the  same  strain  used  for  the  first,  subcutaneous  inoculation.  The  condensation 
water  was  ground  slightly  in  a  crucible  to  break  up  the  floccuh  and  calf  serum  water 
was  added  to  dilute  the  suspension.  The  temperature  rose  to  40°C.  within  3 
hours  and  gradually  fell  to  normal  during  the  night.  No  further  elevation  oc- 
curred. The  calf  was  killed  Mar.  4.  The  weight  had  risen  from  88  to  125  pounds. 
The  local  swelling  was  about  the  size  of  a  small  hen's  egg.  The  calf  was  stunned 
with  a  heavy  blow,  a  clamp  quickly  placed  on  the  trachea,  and  the  neck  vessels 
were  severed.  During  this  operation  the  local  swelling  ruptured  and  several  cubic 
centimeters  of  a  thick,  whitish  mass,  like  flour-paste,  were  discharged.  The  au- 
topsy showed  normal  organs,  except  for  two  very  small  foci  of  collapse,  one  in  the 
right  cephalic,  the  other  in  a  caudal  lobe  of  the  lungs.  The  local  sweUing  is  adher- 
ent to  the  overlying  skin,  but  readily  dissected  from  the  subjacent  fascia.  The 
under  surface  of  the  capsule  is  sprinkled  with  minute  hemorrhages.  It  is  3  to  4 
mm.  thick,  pearly  white  on  section  and  enclosing  a  cavity  partly  filled  with  a 
soft,  odorless  mass  like  flour-paste.  The  inner  surface  of  the  capsule  is  dark  red 
to  hemorrhagic  and  delicately  mammiUated.  The  cavity  has  small  recesses  or 
pockets.  The  puriform  contents  are  readily  removed  from  the  entire  wall.  The 
associated  prescapular  lymph  node  is  about  one-fourth  larger  than  the  opposite 
node  and  on  section  smooth  and  quite  juicy.  The  contents  of  the  abscess  consist 
of  cells,  only  a  few  of  which  retain  the  stain.  These  are  mononuclear.  Scrapings 
from  the  capsule  show  a  mixture  of  polynuclear  and  mononuclear  elements  and 
occasional  cloud-like  masses  of  minute  bacilH.  Some  of  the  mononuclear  cells 
contain  groups  of  minute  bacilli.  B.  actinoides  was  recovered  from  the  abscess 
both  on  horse  serum  and  on  agar  plus  blood.  In  one  of  the  latter  the  growth 
appeared  richer  than  usual  and  was  found  by  inoculation  into  two  guinea  pigs 
and  by  microscopic  examination  to  contain  B.  abortus.  The  presence  of  B.  abor- 
tus is  accounted  for  by  the  infection  of  the  dam  which  had  been  demonstrated 
by  suitable  tests  after  the  birth  of  the  calf. 

No.  JJ(56.— Bull  calf,  born  Feb.  28,  1920.  On  Mar.  9,  it  weighed  lllj  pounds. 
A  horse  serum  culture  from  Calf  462,  5  days  old,  was  used.  The  condensation 
water,  which  contained  a  dense  suspension  of  flocculi  visible  to  the  naked  eye 
and  shown  to  be  pure  by  the  microscope,  was  removed  to  a  sterile  tube,  5  cc.  of 
bouillon  were  added,  and  the  whole  was  thoroughly  shaken.  The  flocculi  were 
still  visible  after  the  shaking.  The  suspension  was  injected  into  a  jugular  vein 
at  4  p.m.  The  temperature  rose  from  38.8°  to  40.6°C.  in  5  hours  and  gradually 
dropped  to  38.9°C.  during  the  night.  The  calf 'was  kept  under  observation  for 
36  days.  During  this  period  the  temperature  remained  between  38°  and  39°C. 
and  the  calf's  general  condition  was  normal.  On  the  36th  day  it  weighed  145 
pounds  and  was  sold  for  slaughter. 

No.  479b. — Bull  calf,  born  Feb.  26.  Inoculated  on  Mar.  9,  when  12  days  old. 
A  first  culture  from  the  local  lesion  of  Calf  467  on  agar  plus  blood,  5  days  old,  was 
used.  The  surface  growth  was  transferred  with  a  platinum  loop  to  5  cc.  of  bouil- 
lon until  a  fine  suspension  was  produced.    This  was  made  up  of  excessively  fine 
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granules  when  viewed  in  a  strong  light.  It  was  injected  into  a  jugular  vein.  Calf 
weighed  at  this  time  97J  pounds.  The  temperature  rose  from  38.7°  to  40°C. 
within  5  hours.  It  was  only  a  few  tenths  above  normal  next  day.  The  calf 
continued  normal  in  condition.     The  temperature  remained  normal. 

On  Mar.  24,  15  days  after  the  intravenous  injection,  a  second  inoculation  was 
made,  this  time  into  the  trachea.  The  condensation  water  of  three  horse  serum 
cultures  of  B.  actinoides,  4  days  old,  from  Calf  467  was  removed  to  a  sterile  tube 
and  enough  bouillon  added  to  make  12  cc.  in  all.  5  cc.  of  this  were  injected. 
Within  24  hours  a  swelling  appeared  over  the  trachea,  of  undefined  borders,  prob- 
ably 6  inches  long  and  2  inches  broad.  After  several  days  this  swelling  was  some- 
what reduced  and  was  now  found  to  be  made  up  of  two  indurations,  one  over 
the  point  of  injection,  the  other  lower  down  at  root  of  neck.  Apr.  5.  The  right 
leg  was  shown  to  have  restricted  motion  and  to  be  painful  when  handled.  Apr. 
15.  The  right  shoulder  appeared  a  trille  larger  than  the  left  and  tender.  The 
lameness  increased.  The  calf,  showing  no  general  symptoms,  was  killed  Apr.  20, 
27  days  after  the  intratracheal  injection.  The  only  lesions  found  were  the  local 
swellings.  One  about  2  inches  in  diameter  is  situated  just  caudad  of  the  larynx; 
a  second,  4  inches  in  diameter,  just  caudad  of  the  first.  Both  are  firm,  tense, 
slightly  fluctuating.  They  are  covered  by  muscles  of  the  neck  and  attached  to 
the  cervical  portion  of  the  thymus.  Both  are  sacs  with  walls  5  to  10  mm.  thick, 
smooth  interiorly,  and  filled  with  a  soft  odorless  mass,  resembling  cottage  cheese. 
They  communicate  with  each  other  through  a  narrow  opening.  The  contents 
consist  of  lymphocytes  and  polynuclears,  the  former  greatly  predominating. 
Both  kinds  of  cells  largely  refuse  the  stain.  There  are  also  filamentous  masses, 
probably  necrotic  fibers.  In  the  larger  abscess  a  strip  of  necrotic  tissue  was  found 
in  the  caseous  contents  about  4  inches  long,  representing  the  remnants  of  a  vessel 
about  2  mm.  internal  diameter.  After  washing  away  the  pus  the  external  surface 
was  found  covered  with  small  papilla-like  projections. 

On  the  prominence  of  the  right  shoulder  joint  there  is  a  swelling  about  the  size 
of  an  egg,  easily  dented  by  pressure.  The  tumor  is  situated  between  the  tendi- 
nous ends  of  the  muscles  inserted  in  the  scapula.  There  is  marked  thickening 
of  the  intermuscular  fascia  radiating  from  the  capsule  of  the  tumor  to  a  depth  of 
several  inches.  On  incision  of  the  thick  capsule,  an  irregular  cavity  is  exposed, 
with  contents  mucoid,  whitish,  quite  unlike  those  of  the  tumors  over  the  trachea. 
However,  films  show  the  same  cell  elements,  the  difference  being  due  to  the 
advanced  necrosis  of  the  contents  of  the  other  abscesses. 

Sections  of  the  abscess  walls  show  a  mass  of  muscular  and  connective  tissue 
with  marked  hyperplasia  of  the  connective  tissue  and  some  fibrin.  There  is  also 
a  general  infiltration  with  cells  of  endothehal  character.  The  pus  attached  to 
the  inner  wall  consists  wholly  of  cells  of  endothelial  type.  Some  of  these  are 
filled  with  minute  bacilli.  There  are  also  clouds  of  free  bacilli  feebly  stained  and 
easily  overlooked.  Cultures  prepared  from  both  abscesses  over  the  trachea  de- 
velop into  pure  growths  of  B.  actinoides.  No  cultures  were  made  from  the  abscess 
on  the  shoulder.  The  respiratory  tract  as  well  as  the  remaining  viscera  was 
normal. 
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No.  495b.— Female  calf,  born  Apr.  IS,  1920.  On  May  11,  10.30  a.m.,  when 
26  days  old  and  88  pounds  in  weight,  it  was  inoculated  into  the  trachea.  The 
condensation  water  of  six  horse  serum  cultures  from  Calf  479b,  5  days  old,  was 
drawn  into  a  fresh  tube  and  6  cc.  of  bouillon  were  added,  making  13  cc.  of  heavily 
clouded  fluid.     8  cc.  of  this  were  injected.    Animal  coughed  occasionally  after 


Text-Fig.  5.  Text-Fig.  6.  Text-Fig.  7. 

Effect  of  the  intratracheal  injection  of  cultures  of  B.  actinoides. 

Text-Fig.  S.  Necrotic  focus  in  left  caudal  lobe  of  Calf  520. 
Text-Fig.  6.  Similar  focus  in  right  cephahc  lobe  of  Calf  474b. 
Text-Fig.  7.  Two  necrotic  foci,  one  in  cephalic,  the  other  near  root  of  right 
ventral  lobe  of  Calf  495b. 


the  operation.  The  temperature  rose  about  1°C.  during  the  day  and  was  down 
again  the  ne.xt  day.  3  days  later  the  temperature  reached  40°C.  and  fluctuated 
between  40.2°  and  40.7°C.  for  6  days,  then  dropped  to  38.3°  to  38.7°C.  The  calf 
weighed  99  pounds  on  May  27,  having  gained  11  pounds  in  16  days.  It  was  killed 
on  this  day. 

The  digestive  tract  is  normal  throughout.  In  the  respiratory  tract  there  is  a 
bit  of  semitranslucent  mucus  on  one  vocal  cord.  In  the  lower  trachea  there  is 
a  similar  mass,  pea  size,  made  up  of  alveolar  epithelium  and  polynuclear 
leucocytes.  There  are  two  groups  of  focal  necroses  in  the  lungs  (Text-fig.  7). 
On  the  dorsal  ridge  of  the  right  caudal  lobe,  near  root  of  the  right  ventral,  there 
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is  a  small,  whitish,  opaque,  subpleural  mass.  On  palpation,  other  firm  nodules 
are  felt  embedded,  about  half  a  dozen  in  all.  On  section  the  contents  show  as 
thick,  cheesy  cores  in  dense  capsules.  The  tissue  between  them  is  still  air- 
containing.  There  is  no  fresh  pneumonia  or  collapse  around  them.  A  similar 
cheesy  nodule  is  in  the  right  cephalic  lobe,  embedded  in  emphysematous  tissue. 
Besides  these  two  necrotic  foci  there  are  several  collapsed  lobules  in  different  lobes. 
Lymph  nodes  of  thorax  are  normal.  There  are  10  cc.  of  clear  fluid  in  pericardial 
sac.  Both  kidneys  are  spotted  everywhere  with  whitish  areas,  discrete  and  con- 
fluent, occupying  fully  one-half  of  the  total  cortex.  These  spots  are  the  bases  of 
cones  of  fan-shaped  outline  on  section,  extending  to  the  medulla.  The  substance 
of  these  foci  is  glistening,  smooth,  almost  like  cartilage  in  appearance.  Urine 
taken  from  the  bladder  soon  after  death  is  very  pale,  clear,  faintly  alkaline,  spe- 
cific gravity  1 ,004.  Boiling  after  adding  1  to  2  drops  of  acetic  acid  yields  a  very 
faint  cloud.    The  liver  is  sUghtly  fatty. 

Sections  of  the  necrotic  foci  in  the  lungs  show  centrally  a  nucleus  of  dead  lung 
tissue  in  which  the  alveolar  structure  is  still  preserved  (Figs.  IS  and  16).  These 
nuclei  are  1.5  to  2  mm.  in  diameter.  In  the  central  core  the  alveoli  are  nearly 
empty.  In  the  peripheral  zone,  they  are  filled  with  a  fine  granular  material  in 
which  many  cells  are  embedded.  Immediately  surrounding  the  necrotic  center 
is  a  broad  zone  in  which  the  lung  structure  is  occasionally  seen,  but  is  chiefly 
replaced  by  cellular  debris  embedded  in  a  granular  matrix.  Dense  groups  of 
minute  bacilli  are  in  the  outer  layers  of  this  zone  where  many  alveolar  cells  are 
still  recognizable.  Outside  this  zone  is  a  layer  of  fibroblasts  and  newly  formed 
capillaries.  The  whole  is  enclosed  in  a  mantle  of  lymphoid  cells,  occup>'ing  the 
meshes  of  the  compressed  lung  tissue.  In  the  vicinity  of  the  necrotic  focus  there 
are  zones  of  lymphocytes  around  the  ultimate  and  next  larger  bronchioles,  associ- 
ated with  coUapse  and  broadening  of  alveolar  walls  through  cell  infiltration.  In 
some  air  tubes  small  groups  of  polynuclears  are  seen.  Sections  of  the  kidney 
lesions  show  interstitial  hyperplasia  with  shrinkage  and  disappearance  of  glomer- 
ular tufts,  dilatation  of  some  convoluted  tubules  and  disappearance  of  others. 
Cultures  made  from  the  necrotic  lung  foci  both  on  horse  serum  and  blood  agar 
developed  the  characteristic  appearances  of  B.  actinoides.  Only  one  contained 
also  a  fine  filamentous  growth,  probably  a  streptothrix.  All  of  sixteen  cultures 
prepared  from  kidney  tissue  remained  free  from  growth. 

No.  4746.— Black  and  white  buD  calf,  born  Apr.  21,  1920.  June  3.  The  calf 
weighed  135  pounds.  The  condensation  water  of  three  horse  serum  cultures,  4 
days  old,  showing  a  dense  crop  of  flocculi  was  withdrawn  into  a  sterile  tube,  about 
4  cc.  in  all.  This  was  injected  into  the  trachea,  and  without  removing  the  needle, 
about  6  cc.  of  sterile  salt  solution  were  injected  through  it.  After  the  calf  had 
been  placed  on  its  feet  it  coughed  some,  ejecting  a  fine  spray.  Following  the 
injection  the  temperature  rose  about  1.5°C.  It  was  normal  next  day.  The  calf 
was  killed  June  21,  18  days  after  the  inoculation.  The  autopsy  showed  normal 
conditions  with  the  following  exceptions.    In  the  abdominal  ca\'ity  there  are 
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about  50  cc.  of  a  clear,  slightly  yellowish  fluid  which  coagulates  into  a  jelly-like 
mass  on  standing.  Between  the  vocal  cords,  along  the  trachea,  and  at  the  root 
of  the  right  supernumerary  bronchus  are  small  masses  of  a  semi-opaque,  mucoid 
substance,  consisting  of  polynuclears,  alveolar,  and  endothelial  elements  embedded 
in  mucus.  The  lungs  show  quite  generally  over  all  lobes  scattering,  very  small, 
dark  reddish  collapsed  or  pneumonic  foci  from  mere  points  to  1  mm.  in  diameter 
and  of  various  shapes.  In  the  right  cephalic  lobe  near  root  is  a  consohdation 
about  3  cm.  in  diameter,  but  more  or  less  squarish  and  extending  through  depth 
of  lung  tissue  (Te.xt-fig.  6,  page  457).  It  feels  lumpy.  On  section  the  lumps  ap- 
pear as  spherical,  firm,  grajdsh  foci,  about  1  cm.  in  diameter  and  centrally  necrotic. 
There  is  congested  lung  tissue  between  them.  Each  focus  is  made  up  of  a 
very  firm,  ahnost  cartilaginous  capsule.  Within  is  a  viscid,  very  thick,  whitish 
mass,  which  in  the  larger  foci  contains  in  it  a  more  gra3'ish,  spongy  nucleus  found 
to  be  necrotic  lung  tissue.  The  layer  around  this  contains  many  mononuclear 
elements  whose  cytoplasm,  in  many  cells  at  least,  is  filled  with  fine  rods.  Masses 
of  similar  rods  are  free  in  the  stained  film.  The  necrotic  masses  are  odorless. 
Cultures  made  from  the  necrotic  foci  on  horse  serum  showed  the  characteristic 
flocculi  in  3  days.  All  contained  in  addition  molds  with  dehcate  mycelium. 
Pure  subcultures  of  B.  actinoides  were  obtained,  however,  from  surface  colonies. 
Cultures  on  blood  agar  were  also  prepared.  Some  were  pure  growths  of  B.  acti- 
noides, others  contained  one  or  several  other  types  of  colonies.  At  the  same  time, 
cultures  were  prepared  from  the  air-containing,  normal  lung  tissue  by  introducing 
into  culture  tubes  small  bits  of  lung  tissue.  Molds,  liquefying  colonies,  and  sev- 
eral other  types  of  colonies  appeared  in  the  tubes. 

No.  5046.— Black  and  white  female  calf,  born  June  10,  1920.  Weight,  June  21, 
110  pounds.  On  June  28,  the  condensation  water  of  si.x  serum  tubes  of  B.  acti- 
noides from  Calf  474b,  3  days  old,  was  brought  together  in  a  sterile  tube.  The 
heavily  clouded  fluid,  5  cc.  in  all,  containing  flocculi  was  injected  into  the  trachea 
at  3  p.m.  The  temperature  rose  about  1.5°C.  within  4  hours,  then  slowly  subsided. 
No  abnormal  conditions  appeared,  and  it  was  killed  23  days  after  inoculation. 
At  this  time  it  weighed  136i  pounds.  No  lesions  were  found  in  the  respiratory 
tract  or  elsewhere. 

No.  520.— Guernsey  calf,  male.  Born  Oct.  8,  1920.  Weight  on  Oct.  22,  83^ 
pounds.  On  Oct.  27,  four  horse  serum  tubes  inoculated  from  cultures  of  Calf 
474b,  4  days  ago,  were  used  for  intratracheal  injection.  The  condensation  water 
was  drawn  up  into  a  sterile  tube,  a  little  salt  solution  being  used  to  wash  it  out 
more  thoroughly.  5  cc.  of  a  moderately  clouded  fluid  were  collected  in  this  way. 
This  was  injected  into  the  trachea  at  10.30  a.m.  Before  removing  the  needle, 
10  cc.  of  sterile  Ringer's  solution  were  injected.  The  temperature  rose  from  an 
average  of  38.6°  to  41°C.  7i  hours  after  the  injection  and  gradually  fell  during  the 
night— the  temperature  being  taken  every  2  hours — to  38.8°C.  next  morning. 
FoUowing  the  injection  the  calf  began  to  appear  depressed,  the  respirations  were 
slightly  irregular,  about  90  at  2.30  p.m.  Attendant  noticed  a  slight  chill  between 
4.30  and  5.30  p.m.    The  temperature  did  not  go  above  normal  again  and  the 
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calf,  showing  no  signs  of  any  disturbance  thereafter,  was  killed  Nov.  12.  The 
weight  on  this  day  was  96  pounds.  The  organs  were  normal  with  the  following 
exceptions. 

Beginning  about  5  cm.  below  lower  margin  of  the  larynx,  the  mucosa  covering 
six  intercartilaginous  spaces  of  the  trachea  is  dark  red  over  each  space.  There  are 
no  signs  of  swelling.  In  the  left  caudal  lobe  a  iirm  mass  is  buried  within  air-con- 
taining, slightly  emphysematous  lung  tissue  (Text-fig.  5,  page  457).  It  is  about 
1  cm.  in  diameter.  Soft,  smooth,  flour-paste-like  material  oozes  out  from  a  slight 
incision.  The  mass  is  placed  in  Zenker's  fluid.  A  film  of  this  thick  mass  shows 
necrotic  cells  and  no  bacteria.  There  is  a  second  2  to  3  mm.,  firm,  yellowish  white 
focus  near  the  first.  It  contains  a  nucleus  of  necrotic  lung  tissue,  enveloped  in 
the  same  material  found  in  the  larger  focus.  Films  of  this  contain  large  numbers 
of  minute  bacilli  among  cells  of  endothehal  and  leucocyte  type  which  hold  the 
stain  as  if  still  living.  Cultures  were  not  prepared  from  this  case,  owing  to  the 
scanty  material  and  the  need  for  histological  examination  of  the  lesions.  This 
did  not,  however,  show  more  than  has  been  given  from  the  other  cases  in  which 
intratracheal  injection  of  B.  actinoides  produced  focal  necrosis.  The  central 
nucleus  of  the  necrotic  tissue  was  surrounded  by  a  layer  of  polynuclear  leucocytes 
and  outside  this  a  connective  tissue  capsule  was  forming.  Between  these  two 
layers,  within  a  narrow  zone,  colonies  of  minute  bacilli  were  abundant.  Many 
groups  of  bacilli  were  within  the  cytoplasm  of  cells. 

The  results  of  the  inoculation  of  cultures  of  Bacillus  actinoides 
may  be  briefly  summarized.  The  subcutaneous  injection  leads 
promptly  to  a  large  swelling  which  becomes  very  firm.  After  several 
weeks  the  mass  of  the  swelling  becomes  necrotic,  the  contents  caseous, 
and  a  thick,  firm  wall  forms  with  hyperplasia  of  the  cormective  tissue 
in  the  immediate  en\-ironment  of  the  focus.  Softening  of  the  capsule, 
ulceration  of  the  overlying  skin,  and  discharge  outward  take  place 
within  4  weeks.  In  several  cases,  in  which  the  injections  were  into 
the  trachea,  a  small  amount  of  the  culture  fluid  entering,  acciden- 
tally, the  tissues  overlying  the  trachea  led  to  large  abscesses.  The 
swelling  is  primarily  due  to  an  increase  of  mononuclear,  endothelial- 
like  elements,  with  later  invasion  of  pol^-nuclears.  The  final  product 
is  a  soft  mass,  like  cottage  cheese  in  appearance,  consisting  of  small 
lumps,  the  whole  embedded  in  a  thick  mass,  smooth,  glistening,  like 
flour-paste  in  consistency.  In  one  abscess  the  remnant  of  a  vessel, 
4  inches  long,  was  embedded  in  the  mass.  Clouds  of  minute  bac'lli 
are  found  in  the  zone  outside  the  necrotic  mass  where  the  cellular 
elements  are  still  stainable.  In  one  case  (No.  479b)  a  second  (meta- 
static) abscess  developed  at  some  distance  from  the  site  of  inoculation. 
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Injection  into  the  circulation  in  one  case  failed  to  produce  any  lesions. 
The  second  case  was  sold  in  excellent  condition,  probably  without 
lesions.  Injection  into  the  trachea  failed  in  two  out  of  five  cases 
to  produce  any  appreciable  changes  in  the  lungs.  In  the  remainder 
there  developed  small  necrotic  foci,  single  or  multiple,  identical  both 
macroscopically  and  microscopically  with  those  occurring  in  spon- 
taneous cases. 

The  distribution  of  the  induced  lesions  did  not  agree  entirely  with 
that  of  spontaneous  cases,  thus  meeting  in  part  the  possible  objection 
that  the  lesions  might  have  been  due  to  naturally  acquired  infection. 
The  difference  in  localization  was  probably  due  to  the  fact  that  the 
calves  were  lying  on  their  backs  when  the  culture  fluid  was  injected. 
This  abnormal  position  may  have  led  to  a  different  drainage  of  the 
injected  fluid  from  that  occurring  in  spontaneous  cases. 

In  one  instance  (No.  495b)  the  lung  lesions  were  associated  with 
multiple  focal  scleroses  of  the  kidney  cortex. 

The  culture  used  was  obtained  from  Calf  462  and  passed  in  succes- 
sion through  Nos.  467,  479b,  495b,  474b,  and  520.  This  was  done 
with  the  expectation  that  the  virulence  would  maintain  itself.  From 
every  one  of  the  above,  excepting  No.  520,  pure  cultures  were  recov- 
ered.   None  were  made  from  the  last  case. 

It  will  be  noted  that  the  intratracheal  inoculations  produced  what 
was  called  above  the  first  stage  of  the  disease  only.  The  lesions  were 
restricted  in  extent  and  the  secondary  lesions  due  to  dissemination  of 
the  bacilli  from  the  primary  necrotic  foci  did  not  take  place.  Per- 
haps some  special  depressing  conditions  may  be  needed  to  continue 
the  disease  into  the  clinical  stage. 

In  contrast  to  the  very  acute,  both  destructive  and  tissue-stimulat- 
ing action  of  Bacillus  actinoides  in  the  subcutis  of  calves  is  the  follow- 
ing negative  action  on  one  sheep. 

No.  164. — Barren  ewe.  On  May  11,  1920,  the  same  suspension  of  cultures 
from  Calf  479b  used  on  No.  495b  was  injected  under  the  skin  in  front  of  left 
shoulder.  Neither  local  nor  thermic  reaction  followed.  The  experiment  was 
closed  June  1. 
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Correlation    of   the    Pathological    and    Bacteriological    Data. 

The  foregoing  observations  and  experiments  demonstrate  the 
existence  of  a  specific  bronchopneumonia  causing  mortality  in  calves 
chiefly  in  the  2nd  and  3rd  months  of  life.  In  animals  which  die 
within  the  1st  month  other  agencies  due  to  fetal  conditions  and  to 
infections  acquired  during  or  soon  after  birth  may  involve  the  lungs. 
Surviving  cases  affected  with  a  chronic  pathological  condition  of  one 
or  more  lobes,  characterized  by  purulent  bronchial  exudation,  abscess 
formation,  and  fibrosis  may  be  met  in  the  4th  to  the  6th  month  or 
even  later.  As  a  rule,  the  disease  invades  both  lungs  symmetrically. 
The  parts  affected  first  are  the  smaller  cephalic  and  ventral  lobes, 
more  particularly  the  dependent  portions  (Text-figs.  1  to  4).  With 
the  progress  of  the  disease  the  involvement  moves  upwards  towards 
the  dorsal  border  of  these  lobes  and  backwards  into  the  azygous  lobe 
and  the  caudal  lobes.  Death  takes  place  when  one-half  of  the  latter 
have  become  airless.  The  pleura  is  involved  only  where  necroses 
extend  to  the  surface.  Here  adhesions  to  surrounding  structures 
form  from  the  capsules  of  the  resulting  abscesses. 

Several  kinds  of  lesions  are  presented  in  the  ordinary  acute  case. 
The  distal  two-thirds  of  the  cephaUc  and  ventral  lobes  are,  as  a  rule, 
considerably  enlarged  beyond  the  normal  collapsed  state,  very  firm, 
dark  or  light  reddish  in  color.  Regularly  sprinkled  in  this  ground  are 
grayish,  1  to  2  mm.  areas.  The  proximal  third  of  the  same  lobes  and 
the  affected  regions  of  the  caudal  lobes  are  but  little  enlarged,  uni- 
formly dark  red,  less  firm,  and  without  the  grayish  mottling.  Care- 
ful search,  by  manipulation  if  necessary,  reveals  scattering  firm 
masses,  sometimes  deeply  embedded,  more  commonly  extending  to 
one  or  both  lung  surfaces.  They  vary  from  2  to  10  mm.  in  diameter. 
Several  may  coalesce.  They  consist  of  a  pearly,  dense  capsule  con- 
taining necrotic  lung  tissue,  enveloped  in  a  layer  of  xiscid  pus.  These 
sequestra  are  with  rare  exceptions  located  in  the  cephalic  and  ventral 
lobes.  They  are  probably  among  the  oldest  lesions.  They  and  the 
mottled  pneumonic  regions  which  are  always  associated  with  them 
are  either  developed  at  the  same  time  or  else  the  necroses  are  the 
source  of  the  infection  which  produces  the  pneumonic  condition. 
The  smooth  dark  red  pneumonia  is  secondary  to  the  other  lesions, 
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probably  through  the  agency  of  aspirated  purulent  exudates.  The 
<iistribution  and  extent  of  the  three  conditions  are  shown  in  the 
text-figures.  The  pneumonic  condition  is  usually  not  universal  in 
the  afTected  lobes.  Small  or  large  air-containing  territories  may 
occur  in  them,  chiefly  along  the  free  margins  of  the  lobes.  The  one 
universal  characteristic  lesion  is  the  filling  of  the  air  tubes  of  the 
affected  lobes  with  a  thick,  viscid,  glairy,  white,  mucopurulent  matter. 

The  microscopic  characters  of  the  different  stages  are  fairly  well 
definable.  The  formation  of  the  necroses  (Figs.  12,  15,  and  16)  has 
not  been  traced,  owing  to  lack  of  material  in  the  early  stages.  Asso- 
ciated with  or  following  these,  there  is  a  filling  up  of  the  alveoli  with 
several  cell  types  to  form  the  mottled  pneumonic  territories.  At  the 
same  time  the  ultimate  bronchioles  and  alveolar  ducts  may  become 
involved.  The  entire  parenchyma  becomes  filled  with  mononuclear 
elements,  probably  a  mixture  of  alveolar  cells,  endothelial  and  lym- 
phoid cells.  The  polynuclear  leucocyte  is  absent  in  this  stage. 
The  smooth,  fresher  pneumonic  condition  which  develops  later  is  due 
to  partial  or  complete  filling  up  of  alveoli  and  bronchioles  with  poly- 
nuclear leucocytes.  In  these  the  epithelium  remains  intact.  With 
this  stage  there  appears  the  zone  of  plasma  cells  around  the  air  tubes 
filled  with  cell  debris  (Figs.  7  and  13).  Numerous  polynuclear  leuco- 
cytes are  found  moving  outward  through  the  epithelium  into  the 
lumina.  This  accumulation  of  plasma  cells  is  probably  due  to  the 
cell  debris  in  the  lumina  of  the  air  tubes.  They  are  present  after  a 
certain  time  whether  one  or  several  species  of  bacteria  are  at  work. 
That  they  are  the  result  of  the  stimulus  exerted  by  toxins  and  other 
products  absorbed  from  the  disintegrating  cellular  plugs  in  the  lumina 
seems  to  be  at  present  the  most  plausible  explanation  of  their  pres- 
ence. The  minute  grayish  dots  permeating  the  older  pneumonic 
lesions,  which  are  so  striking  in  the  fresh  lung  of  most  but  not  all 
cases,  have  not  been  associated  definitely  with  any  microscopic 
details.  They  may  represent  the  earlier  proHferative  lesions  in  the 
ultimate  bronchioles  in  some  cases  and  the  gathering  of  plasma  cells 
in  later  stages. 

Before  summarizing  the  results  of  the  bacteriological  studies  it 
should  be  stated  what  is  apt  to  be  forgotten  in  an  interpretation  of 
results,  that  the  normal  lungs  of  calves,  and  other  species  as  well, 
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contain  a  considerable  variety  of  living  microorganisms.  When  bits 
of  normal  lung  tissue  are  placed  in  culture  tubes,  growth  appears 
quite  invariably.  Spore-bearing  bacilli,  various  kinds  of  molds,  and 
streptothrix  are  among  the  commonest  forms  detected.  In  the  isola- 
tion of  Bacillus  actinoides,  on  agar,  bits  of  lung  tissue  are  essential  to 
growth.  On  coagulated  serum  tissue  is  not  necessary.  It  is  some- 
what surprising  that  so  many  cultures  obtained  from  bits  of  diseased 
lung  tissue  were  pure  cultures  of  Bacillus  actinoides.  It  would  seem 
as  if  under  the  influence  of  the  violent  tissue  reaction  the  banal  forms 
found  in  normal  lungs  are  largely  destroyed. 

The  bacteriological  examination  has  shown  a  variety  of  results, 
depending  on  the  stage  of  the  pneumonic  process,  the  rapidity  of  its 
development,  and  whether  the  animal  died  or  was  killed.  In  the 
1919  to  1920  epidemic,  twelve  cases  were  investigated.  Bacillus 
actinoides  was  the  only  cultivable  organism  present  in  five  of  these. 
It  was  present  but  associated  with  other  pathogenic  species  in  four 
more.  It  was  not  detected  in  the  remaining  three.  Bacillus  pyo- 
genes was  present  in  seven  cases  but  not  in  pure  culture.  Bacillus 
bovisepticus  was  present  in  three  or  four  cases,  always  with  a  variety 
of  other  species.  Of  the  five  cases  in  which  Bacillus  actinoides  was 
exclusively  present,  two  had  died  and  three  were  killed.  Of  the  four 
in  which  it  was  associated  with  other  species,  three  were  killed  and 
one  died.  Of  the  three  in  which  it  was  missed,  two  died  and  one  was 
killed.  A  study  of  the  brief  protocols  suggests  that  Bacillus  actinoides 
was  missed  through  overgrowth  with  other  species  in  certain  very 
acute  dead  cases  and  in  the  more  chronic  surviving  cases. 

In  the  tissues  of  the  diseased  lungs  Bacillus  actinoides  is  found  in 
the  peripheral  layer  of  lung  sequestra,  in  colonies  in  the  cell  masses 
occupying  alveoli  and  alveolar  ducts  (Figs.  8  to  11),  and  in  the  pro- 
liferated epithelium  obstructing  the  bronchioles  less  than  0.1  mm.  in 
diameter  (Figs.  1  to  7).  This  latter  process  which  is  rather  unique 
and  which  has  not  thus  far  been  described  in  the  pathology  of  pneu- 
monias was  especially  well  brought  out  in  sections  of  No.  440,  but  it 
could  be  detected  in  most  other  cases  after  more  or  less  searching. 
In  the  invaded  epithelium  Bacillus  actinoides  appeared  with  the 
sheath  or  capsule  around  it.  In  other  situations  it  was  usually  free 
from  capsules  and  appeared  in  dense,  cloud-like  colonies.     It  should 


THEOBALD    SMITH  465 

be  stated  here  that,  with  rare  exceptions,  air  tubes  over  0.1  mm.  in 
diameter  had  their  epithelium  intact.  The  cell  masses  with  which 
many  were  filled — the  glairy,  mucopurulent  contents — consisted  of 
cell  debris  moving  up  from  the  ultimate  bronchioles  and  the  par- 
ench\'Tna. 

After  injection  of  pure  cultures  into  the  trachea  Bacillus  actinoides 
has  thus  far  produced  only  the  early  stage  of  necrosis  (Text-figs. 
5  to  7  and  Figs.  15  and  16).  The  diffuse  secondary  and  later  lesions 
characterizing  the  spontaneous  fatal  and  very  sick  cases  killed  were 
absent.  The  relation  of  Bacillus  actinoides  to  the  primary  necrotic 
lesions  is  thus  placed  beyond  doubt.  That  it  is  also  responsible  for 
the  general  pneumonic  involvement  is  not  proved  by  experiment  but 
made  highly  probable.  Neither  Bacillus  pyogenes  nor  Bacillus 
bovisepiicus  is  responsible,  since  these  easily  cultivated  bacteria  were 
absent  in  five  advanced  cases.  Considerations  based  on  bacterio- 
logical and  histological  studies  are  sufficient  to  throw  them  out  of  the 
other  cases  in  which  they  were  found,  except  in  the  role  of  continuing 
a  disease  fully  under  way  by  multiplying  in  the  necrotic  tissues  and 
the  bronchial  cell  debris.  If  Bacillus  pyogenes  and  Bacillus  bovi- 
sepiicus are  not  responsible  for  the  diffuse  pneimionic  lesions,  then 
either  Bacillus  actinoides  or  else  some  non-cultivable,  unrecognized 
microorganism  is.  The  writer  has  throughout  assumed  that  Bacillus 
actinoides  is  the  sole  responsible  agent. 

A  study  of  the  mode  of  response  or  reaction  of  the  tissues  to  Bacil- 
lus actinoides  has  not  come  within  the  scope  of  the  present  investiga- 
tion. The  finding  of  some  small  susceptible  species  is  necessary  to 
provide  material  for  such  study.  In  general  the  reaction  in  the 
lungs  is  at  first  associated  with  mononuclear  cell  types,  either  endo- 
thelial or  lymphoid  or  both.  In  later  stages  polynuclear  cells  com- 
pletely dominate  the  process.  This  change  may  be  due  to  an  immu- 
nity reaction.  Many  things  point  to  this  explanation.  Thus  the  later 
smooth  pneumonic  condition  is  always  associated  with  the  poly- 
nuclear cell  type.  In  those  animals  in  which  the  process  halts  with 
the  necroses,  the  remaining  parenchyma  contains  only  polynuclears 
in  focal  distribution.  Moreover,  Bacillus  actinoides  is  only  very 
rarely  detected  with  the  microscope  in  the  lesions  associated  with 
polynuclear  cells,  although  cultures  reveal  its  presence.  This  rarity 
suggests  that  the  active  stage  of  multiplication  is  over. 
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The  various  factors  entering  into  the  process  such  as  quantity  and 
dissemination  of  the  original  infecting  material,  relative  susceptibility 
of  the  host,  and  the  rapidity  with  which  immune  forces  are  called 
forth  determine  the  extent  and  rapidity  of  the  early,  usually  necrotic 
changes  and  the  promptness  of  dissemination  of  the  virus  from 
such  necrotic  foci  over  new  territories.  Added  to  these  factors  are 
species  of  bacteria,  chiefly  Bacillus  pyogenes  and  Bacillus  bovisepHcus , 
which  may  graft  themselves  on  the  diseased  tissues.  In  thus  restrict- 
ing Bacillus  bovisepticus  to  a  secondary  position,  the  author  does  not 
imply  that  there  may  not  be  virulent  races  of  Bacillus  bovisepticus 
capable  of  initiating  outbreaks  of  pneumonia. 

Aside  from  Case  6,  no  detailed  description  of  the  cases  occurring 
in  the  1917  outbreak,  which  was  the  basis  of  an  earlier  publication,' 
has  been  given.  This  group  of  cases  had  not  been  worked  up  with 
so  much  care  and  in  such  detail  partly  because  the  very  first  case 
which  came  to  autopsy  yielded  pure  cultures  of  Bacillus  bovisepticus 
and  the  developing  epizootic  was  considered  due  to  this  bacillus. 
With  the  succession  of  cases,  the  appearance  of  a  polymorphic  bacil- 
lus and  its  association  with  a  closely  resembling  species.  Bacillus 
pyogenes,  rendered  orientation  very  difficult  until  a  pure  culture  of 
Bacillus  actinoides  was  made  to  grow  indefinitely  in  subcultures  and 
its  forms  clearly  difi'erentiated  from  Bacillus  pyogenes.  A  repeated 
study  of  the  accumulated  data  has  shown  such  a  parallelism  between 
the  1917  and  the  1919  cases  in  gross  and  minute  anatomy  and  his- 
tology of  the  affected  lungs  and  in  the  bacteriology  that  any  review 
of  these  early  cases  would  be  in  the  main  a  repetition  of  what  pre- 
cedes. The  underljang  etiological  factor  and  the  processes  it  initiates 
are  the  same  in  both  groups  of  cases. 

A  study  of  the  epidemiology  of  the  pneumonia  due  to  Bacillus 
actinoides  needs  much  additional  material.  The  source  of  this  micro- 
organism is  not  yet  defined.  It  will,  however,  be  safe  to  regard 
partly  recovered  older  animals  of  the  same  species  as  the  purveyors 
of  the  virus.  The  termination  of  certain  lesions  in  necrosis  followed 
by  copious  discharge  from  the  resulting  abscesses  opens  the  way  for 
the  virus  outward.  It  is  probable  that  unrecognized  cases  occur  in 
which  the  process  does  not  go  beyond  localized  necrosis  of  small 
territories.     Such  cases  may  serve  in  maintaining  the  mild  disease 
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until  the  cold  season  favors  the  secondary  extension  of  the  lesions  and 
brings  acute  clinical  cases  to  the  surface.  This  view  is  supported  by 
the  production  of  necroses  experimentally  in  calves  without  any 
appreciable  rise  in  temperature  or  other  suspicious  deviations  from 
health. 

Owing  to  the  meager  descriptions  given  in  reports  of  outbreaks  of 
pneumonia  in  calves,  it  has  been  impossible  to  identify  this  form  of 
bronchopneumonia  in  earher  writings.  An  attempt  was  made  in  the 
article  on  Bacillus  aclmoides^  to  correlate  the  latter  with  Lignieres' 
actino-bacillus  which  produces  subcutaneous  and  other  abscesses  but 
not  pneumonia.  A  continued  study  of  Bacillus  aclinoides,  however, 
does  not  make  the  relationship  seem  any  more  real.  It  remains  to 
study  calf  pneumonias  in  both  anatomical  and  microbiological  direc- 
tions afresh,  since  the  existence  of  several  etiological  types  of  lung 
disease  is  probable.  The  anatomical  and  histological  study  of  these 
pneumonias  is  important,  since  information  gained  in  this  way  tends 
to  restrain  hasty  conclusions  concerning  the  etiology  where  several 
different  species  of  bacteria  may  find  opportunity  for  multiplying  in 
the  lungs  in  the  course  of  the  disease. 

CONCLUSIONS. 

A  bronchopneumonia  of  calves  in  the  early  months  of  life  is  described 
and  its  etiology  associated  delinitely  with  a  minute  bacillus,  Bacillus 
aclinoides.  Bacillus  pyogenes,  Bacillus  bovisepticus,  and,  less  fre- 
quently, staphylococci  and  streptococci  may  appear  later  in  the 
affected  lungs. 

Subcutaneous  injections  of  cultures  of  Bacillus  aclinoides  pro- 
duce large  indurations  ending  in  necrosis.  Similarly  intratracheal 
injections  produce  circumscribed  necroses  of  lung  tissue.  The  culti- 
vation of  Bacillus  aclinoides  and  its  morphological  peculiarities  have 
been  sufficiently  described  and  illustrated  in  an  earlier  publication' 
to  ensure  success  on  the  part  of  those  who  attempt  to  isolate  it. 

The  writer  is  indebted  to  Dr.  R.  B.  Little  for  assistance  in  bringing 
together  the  clinical  data. 
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EXPLANATION  OF  PLATES. 
Plate  42. 

Fig.  1.  Section  of  lung  tissue,  Calf  440,  showing  dilatation  of  a  small  bronchus 
and  complete  filling  up  of  the  lumen  with  the  characteristic  exudate.  The  epi- 
thelium has  disappeared  from  most  of  the  circumference.  The  exudate  is  inti- 
mately associated  with  the  subepithelial  tissues.  The  parenchyma  around  the 
bronchus  is  partly  collapsed,  partly  pneumonic.  The  capillaries  are  distended 
with  corpuscles,  and  the  alveoli  are  fiUed  with  cells  of  endothelial  and  lymphoid 
type.    See  Fig.  4  for  magnification  of  a  part  of  this  exudate.     X  240. 

Plate  43. 

Both  figures  from  Calf  440. 

Fig.  2.  An  air  tube  about  0.1  mm.  in  diameter  with  ingrowth  of  cellular  masses, 
which  are  filled  with  bacilli,  as  shown  in  Fig.  5.  The  section  passes  through  a 
dividing  bronchus,  of  which  one  branch  is  involved.  Remnants  of  the  epithelial 
cells  are  traceable  in  the  irrupted  mass  which  contains  cells  with  round,  pycnotic 
nuclei.     X  240. 

Fig.  3.  Transection  of  an  air  tube  about  0.3  mm.  in  diameter.  The  exudate 
is  intimately  connected  with  the  subepithelial  tissue  of  the  bronchus  in  two 
places.  Elsewhere  the  epithelium  is  still  in  situ.  The  exudate  is  of  the  same 
character  as  in  Figs.  1  and  2.  It  is  permeated  with  cloud-hke  masses  of  minute 
bacilli  showing  only  as  sUghtly  darker  patches  in  the  photograph.     X  310. 

Plate  44. 

Fig.  4.  A  portion  of  the  diseased  bronchus  of  Fig.  1,  enlarged  X  1,000.  The 
bacillar  and  capsulated  or  club-shaped  forms  are  present,  filling  the  cytoplasm  of 
the  cell  mass  which  has  nearly  plugged  the  lumen  of  the  small  bronchus. 

Fig.  S.  a  portion  of  the  diseased  bronchus  of  Fig.  2,  enlarged  X  1,000.  The 
bacLUar,  cloud-like  masses  have  filled  the  cytoplasm  of  the  cells  as  in  the  preceding 
figure.  The  club-shaped  forms  are  shown  in  the  lower  right-hand  region  in  many 
cross-sections  and  rather  sparsely  elsewhere  in  the  bacterial  masses. 

Plate  45. 

Fig.  6.  From  Calf  440.  Section  through  a  small  bronchus,  of  which  the  epi- 
thehum  along  one  margin  (to  the  right  in  the  figure)  is  still  in  situ.  The  other 
margin  is  obUterated  by  an  ingrowth  which  nearly  occludes  the  lumen.  This 
ingrowth  is  densely  permeated  with  B.  actinoides.  The  baciUi  appear  chiefly  as 
very  short  rods  of  irregular  size  and  form  throughout  the  section  not  taken  up 
by  the  bronchial  epitheUum.     X  1,000. 

Fig.  7.  From  the  same  lung.  The  small  air  tube  is  nearly  occluded  by  the 
mass  of  cells  on  the  left.  This  mass  is  permeated  densely  with  B.  actinoides  in 
bacillar  form.  In  addition,  larger  circular  areas,  suggesting  capsulated  cocci,  are 
sprinkled  through  the  mass.  These  are  identified  as  club-shaped  forms  of  B. 
actinoides  cut  across.     X  1 ,000. 
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Plate  46. 

Fig.  8.  Section  through  the  parenchyma  of  the  lungs,  Calf  440.  The  alveolus 
is  filled  with  cells.  In  the  center  of  the  cell  mass  is  a  colony,  or  floccule,  of  B. 
actinoides.     X  1,000. 

Fig.  9.  Two  alveoU,  each  containing  a  floccule.  The  clubs  are  shown  imper- 
fectly in  optical  cross-section.    X  1,000. 

Plate  47. 

Fig.  10.  Section  from  an  old  case,  designated  as  Calf  B  on  page  454  of  the 
text  showing  two  foci  in  which  are  cloud-like  colonies  of  minute  bacilli,  appearing 
as  irregular  darker  patches  in  the  figure.     X  1,000. 

Fig.  11.  Section  from  the  lungs  of  Calf  440.  In  the  upper  left-hand  corner  is  a 
large  cloud-like  colony  of  bacilli.  Other  colonies  in  the  field  are  out  of  focus  and 
appear  as  slightly  darker  patches.     X  1 ,000. 

Plate  48. 

Fig.  12.  Sequestrum  from  the  lung  of  Calf  462,  slightly  dislodged.  The  out- 
lines of  the  alveoli  may  still  be  distinguished  in  the  upper  portion  of  the  necrotic 
mass.  The  border  of  the  wall  or  capsule  above,  which  suggests  epithelium  in 
the  figure,  is  compressed  tissue  made  up  of  fibroblasts  and  plasma  cells.     X  25. 

Plate  49. 

Fig.  13.  Section  from  the  lungs  of  No.  6.  The  more  or  less  deformed  bronchi 
are  filled  with  polynuclear  leucocytes  and  surrounded  by  a  broad  zone  of  plasma 
cells  and  fibroblasts.     X  925. 

Fig.  14.  Section  of  lung  tissue  from  Calf  446.  This  case  is  somewhat  older 
than  No.  440.  Near  the  center  of  the  figure  is  a  more  or  less  deformed  bronchiole 
containing  polynuclear  leucocytes.  The  lung  tissue  in  a  broad  zone  around  this 
tube  is  occupied  by  groups  and  masses  of  plasma  cells  and  polynuclear  leucocytes. 
X925. 

Plate  SO. 

Fig.  15.  Represents  a  necrotic  focus  from  the  lungs  of  Calf  495b  (see  Text-fig. 
7)  which  received  an  intratracheal  injection  of  B.  actmoides.     X  60. 

Fig.  16.  Enlargement  of  the  zone  just  outside  the  necrotic  mass  shown  in  Fig. 
15.  Irregular  groups  of  B.  adinoides  occupy  this  zone.  The  large  group  on  the 
right  has  only  a  few  bacilli  in  focus,  whereas  the  central  group  is  fairly  distinct. 
X  1,000. 
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PRECIPITIN    RESPONSE    IN    THE    BLOOD    OF    RABBITS 

FOLLOWING  SUBARACHNOID  INJECTIONS 

OF  HORSE   SERUM. 

By  harry  L.  ALEXANDER,  M.D. 

{From  the  Second  Medical  Division  of  Bellevue  Hospital  and  the  Department  of 
Medicine  of  Cornell  University  Medical  College,  New  York.) 

(Received  for  publication,  January  18,  1921.) 

During  the  treatment  of  cases  of  cerebrospinal  meningitis  with 
antimeningococcic  sermn  in  a  large  army  hospital^  a  peculiar  reaction 
was  repeatedly  observed.  This  reaction  appeared  in  patients  who, 
after  having  received  several  intraspinal  injections  of  serum,  were 
given  serum  intravenously.  While  the  injection  was  being  made  into 
the  blood  stream,  or  immediately  afterward,  some  of  the  following  signs 
and  symptoms  were  frequently  noted:  flushing,  sudden  feeHng  of 
warmth,  and  restlessness,  followed  by  pallor,  dyspnea,  cyanosis, 
vomiting,  and  prostration.  Hypodermatic  injections  of  epinephrine 
and  atropin  brought  relief.  In  the  press  of  work  there  was  no  oppor- 
tunity for  detailed  blood  pressure  and  temperature  studies.  These 
manifestations,  apparently  anaphylactic,  occurred  only  when  several 
intraspinal  treatments  were  given  before  initial  intravenous  serum 
therapy,  and  had  no  relation  to  the  time  of  the  last  intraspinal  injec- 
tion. They  were  not  noted  when  combined  intraspinal  and  intra- 
venous therapy  was  applied  from  the  outset.  Similar  observations 
are  described  by  Stone  and  Truitt^  in  a  report  of  a  large  series  of 
cases  of  cerebrospinal  meningitis,  and  Haden'  mentions  intolerance 
to  antimeningococcic  serum  under  like  conditions. 

With  this  experience  in  mind,  horse  senmi  was.  injected  into  rab- 
bits intraspinally  and  the  resulting  precipitin  formation  in  the  blood 

'  Hospital  of  the  American  Embarkation  Center,  Le  Mans,  France. 
2  Stone,  W.  J.,  and  Truitt,  R.  C.  P.,  Arch.  Int.  Med.,  1919,  xxiii,  282. 
'Haden,  R.  L.,  Arch.  Int.  Med.,  1919,  xxiv,  514. 
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was  compared  with  that  induced  by  similar  intravenous  injections. 
In  a  few  instances  anaphylactins  were  studied. 

The  formation  of  specific  precipitins,  in  the  blood,  to  foreign  proteins  was  first 
recorded  by  Kraus''  in  1897.  Since  then,  numerous  methods  have  been  described 
for  inducing  the  formation  of  these  bodies  in  high  titer.^>  ^>  '  Protein  is  injected 
into  susceptible  animals^  either  via  the  blood  stream  or  peritoneum,  the  methods 
differing  chiefly  in  dose  and  interval. 

Weed'  has  clearly  shown  the  pathway  by  which  substances  injected  into  the 
subarachnoid  space  readily  find  access  to  the  blood  stream.  On  the  other  hand, 
most  substances,  including  circulating  toxins  and  antibodies  (agglutinins  to  B. 
typhosus,  tetanus  toxin,  and  hemolytic  amboceptors)  '>  '">  '^  are  normally  excluded 
from  the  spinal  fluid  by  means  of  the  meningeal-choroid  complex  which  acts  as 
an  effective  barrier  to  them.  Artificial  damage  to  the  meninges,  however,  by 
such  agents  as  normal  horse  serum  and  even  normal  salt  solution,  makes  them 
permeable  to  immune  bodies.  Flexner  and  Amoss'^  thus  recovered  neutralizing 
principles  to  the  virus  of  anterior  poliomyelitis  from  the  spinal  fluid,  after  intra- 
venous injection  into  monkeys.  More  recently,  Amoss  and  Eberson*'  by  similar 
methods  detected  meningococcic  agglutinins  in  the  cerebrospinal  fluid  after  their 
introduction  into  the  blood  stream. 

EXPERIMENTAL. 

Normal  horse  serum,  without  preservative,  was  used  throughout 
the  experiments.  It  was  injected  into  the  subarachnoid  space  of 
rabbits  by  introducing  a  No.  24  Luer  needle  attached  to  a  glass 
syringe,  through  a  sterile  field  just  below  the  occipital  ridge  in  the 
midline.  The  needle  was  carried  forward  and  slightly  downward 
until  it  punctured  the  occipito-atlantoid  ligament.  A  yield  of  from 
0.5  to  1  cc.  of  cerebrospinal  fluid  was  thus  readily  obtained.  The 
needle  was  left  in  place,  the  syringe  disconnected,  and  a  second  syringe 

*  Kraus,  R.,  Wien.  klin.  Woch.,  1897,  x,  736. 

^  Kokner,  J.  A.,  A  practical  text-book  of  infection,  immunity  and  specific  ther- 
apy, Philadelphia  and  London,  2nd  edition,  1917. 

*  Zinsser,  H.,  Infection  and  resistance,  New  York,  2nd  edition,  1918. 
^Hektoen,  L.,  J.  Inject.  Dis.,  1917,  xxi,  279. 

8  Weed,  L.  H.,  Atmt.  Rec,  1917,  xii,  461. 

'  Mott,  F.  W.,  Lawet,  1910,  ii,  1. 
'» Ransom,  F.,  Z.  physiol.  Chem.,  1900,  .xxxi,  282. 
"  Gushing,  H.,  J.  Med.  Research,  1914-15,  xxxi,  1. 
12  Flexner,  S.,  and  Amoss,  H.  L.,  /.  Exp.  Med.,  1917,  xxv,  499. 
'^  Amoss,  H.  L.,  and  Eberson,  F.,  /.  Exp.  Med.,  1919,  xxk,  597. 
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with  the  correct  amount  of  serum  was  attached.  After  slightly  with- 
drawing the  plunger  to  prevent  any  chance  puncture  of  a  vessel  the 
serum  was  slowly  injected. 

Precipitin  tests  were  made  by  mixing  0.3  cc.  of  rabbit  serum  with 
0.3  cc.  of  normal  horse  serum  (for  unchanged  horse  serum,  equal 
parts  of  an  anti-horse  rabbit  serum  with  dilutions  of  the  serum  or 
cerebrospinal  fiuid  to  be  tested).  After  incubation  at  37°C.  for  1 
hour  in  a  water  bath  the  tubes  were  placed  in  the  ice  chest  over  night 
and  readings  were  made  the  following  morning.  As  controls,  normal 
rabbit  serum  and  normal  sheep  serum  were  used.  In  all  instances  as 
controls  for  rabbits  receiving  subarachnoid  injections  other  rabbits 
were  injected  with  identical  amounts  of  the  same  serum  intrave- 
nously, and  the  bleedings  and  precipitin  tests  of  each  were  done  at  the 
same  time. 

The  following  protocols  are  selected  as  typical  of  the  results 
obtained.  Text-figs.  1  to  3  are  graphic  charts  of  precipitin  tests  in 
each  experiment. 

Experiment  1. — Rabbit  1;  weight  1,860  gm.  Feb.  6,  1920.  Subarachnoid 
puncture.  0.5  cc.  of  cerebrospinal  fluid  removed.  0.5  cc.  of  normal  horse  serum 
injected.    No  reaction. 

Rabbit  2;  weight  1,650  gm.  Feb.  6,  1920.  0.5  cc.  of  normal  horse  serum 
injected  intravenously. 

Precipitin  Tests  with  Sera  1  and  2  against  Dilutions  of  Normal  Horse  Serum. 


Date. 


1920 

Feb.  12. 

"     15. 

"    20. 

"    26. 
Mar.   9. 


1:10 


0 

-I-  + 


1:100 


0 

+  + 

+ 
+  + 

+ 


1:500 


0 

-l-l- 
++ 
-1-1- 
-f-f- 


0 
0 

± 

-1-1- 

0 


:  1,000 


0 

-1-1- 
++ 
-1-1- 
++ 


1:5,000 


0 

-I- 

+ 

++ 


1:10,000 


Controls:  normal  rabbit  serum  and  normal  sheep  serum  against  dilutions  of  normal  horse 
serum,  negative. 

In  the  tables  -f-|--|-  indicates  very  heavy  precipitate;  ++,  heavy  precipi- 
tate; -f-,  distinct  precipitate;  — ,  questionable  precipitate;  0,  no  precipitate;  — , 
no  test. 
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DAYS  AfTER   INJECTION 
24   6  6    10  12  14  16  18  302224  26  26  3032  3436  384042  44  4846  50 
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a5<:tN.M.Siia     1,000 

soo 

RAe.N»  2 100 

50 
a5»tN.H.5.  IV.  0 


Ll-^ ^.^ 


In  the  text-figures  N.H.S.  indicates  normal  horse  serum;  I  S.,  intraspinally; 
I  v.,  intravenously. 

Text-Fig.  1.  Precipitin  tests  after  one  intraspinal  or  intravenous  injection  of 
normal  horse  serum. 
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Experiment  2.— Rabbit  3;  weight  2,100  gm.  Mar.  30,  1920.  Subarachnoid 
puncture.  0.5  cc.  of  cerebrospinal  fluid  removed.  0.5  cc.  of  normal  horse  serum 
injected.    No  reaction. 

Rabbit  4;  weight  2,100  gm.  Mar.  30,  1920.  0.5  cc.  of  normal  horse  serum 
injected  intravenously. 

Precipitin  Tests  with  Sera  3  and  4  against  Dilutions  of  Normal  Horse  Serum. 


Date. 


1930 

Apr.  5 
"  8 
"  13 
«  19 
"    26 

May    3 


1:10 
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+  + 
+  + 

+ 
+ 
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+ 
+ 


0 

+ 

+ 

++ 
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0 


1:1,000         1:5,000         1:10,000 


0 
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+  + 
+  + 

+ 


Controls:  normal  rabbit  serum  and  normal  sheep  serum  against  dilutions  of  normal  horse 
serum,  negative. 


Experiment  J.— Rabbit  5;  weight  1,920  gm.  Mar.  30,  1920.  Subarachnoid 
puncture.  0.5  cc.  of  cerebrospinal  fluid  removed.  0.5  cc.  of  normal  horse  serum 
injected.    No  reaction. 

Rabbit  6;  weight  2,000  gm.  Mar.  30,  1920.  0.5  cc.  of  normal  horse  serum 
injected  intravenously. 

Precipitin  Tests  with  Sera  5  and  6  against  Dilutions  of  Normal  Horse  Serum. 


Date. 


1920 
Apr.    5 . 

"      8. 

"     13. 

"     19. 

"    26. 
May  3. 
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Controls:  normal  rabbit  serum  and  normal  sheep  serum  against  dilutions  of  normal  horse 
serum,  negative. 
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In  these  experiments,  in  which  single  injections  of  normal  horse 
serum  were  made  intraspinally  and  intravenously,  precipitins  appeared 
in  the  blood  stream  in  both  instances  on  approximately  the  same 
days.  Rabbits  receiving  serum  intraspinally,  however,  showed  pre- 
cipitins in  higher  titers,  which  persisted  after  the  disappearance 
of  precipitins  in  rabbits  treated  intravenously.     In  the  one  instance 

DAYS   AFTER    INJECTION 
2  4  6  8    10  12  14  16  18  2022  24-26  28  303Z  1*36 
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50 
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0 

— I 1 a. 


Text-Fig.  2.  Precipitin  tests  after  one  intraspinal  or  intravenous  injection  of 
normal  horse  serum. 

that  was  followed  precipitins  after  intraspinal  injections  were  present 
in  the  blood  in  a  titer  of  1: 1,000  on  the  56th  day  after  injection, 
whereas  in  the  control  rabbit,  inoculated  intravenously,  they  had 
disappeared  by  the  27th  day.  The  single  exception  appeared  in 
Rabbit  7,  in  which  no  precipitins  were  found  after  subarachnoid 
injections,  whereas  the  control  showed  a  normal  precipitin  curve 
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EXP.  N04-  IQOOO 

RAaWS 5,000 

3  INJECT.    aSccMMS.iai.OOO 
2  INJECT    a'tcc.N.MSilS-   500 

RAB.NS   9 100 

3IMJECT,    O-ScctlHaiV.      SO 
2  INJECT,    0.4ctN.M.aiV.       0 


DAYS   AFTER    I.NJECTIONCiNITIaQ 
2   4    6    8    10  IE 


EXRN'15  iqoOO 

RAB.N?29 ^000 

7INJECT.    aStcNHa  IS.  1.000 
500 

RAB.  N5  30 100 

50 
7INJECT     O.Scc.N.KS.IV.      0 


/ 

3    4   6    8    10   12 


/ 

EXR  Ns  13  IQOOO 

RAB.N5  15 5^00 

71NJECT.    OSctMHaia  1,000 
SOD 

RAB.N5  26 100 

50 
7  INJECT.    aScaKKaiV.    0 


EXP.  Ne|6  iqOOO 

RAB.  N«3I  5000 

7INJECT.     Q5cc.MKS.IS.  l[000 
500 

RAB.  N5  32 100 

SO 
7INJECT.    a5cc.lslHS.IV.       0 


i^ 


EXP.  N5|4  IQOOO 

RAa  N3  27 5000 

7INJECT.     O.SccNKS.  IS.  1,000 
500 

RAB.N5  28 1 00 

50 
7  INJECT.     aSec.KLHS.IV.       0 


EXP.  N2  6  IQOOO 

RAaN«  13  5000 

I  INJECT.  025ccNHS.  IS.  1,000 
SINJECT.    0.5<:c.N.HSlIS.    500 

RAB.  N2  14 100 

1  INJECT.  a25cJMH5IVX     50 

SiNJECT.     OSccNHSIV.         0 


} 

/ 

DC  P.N?  5  ICtOOO 

B/>B.Ns  II   gxJO 

^INJECT.     QScc.HHS.lS.  1^00 
500 

RAB.N5I2 100 

50 
7(NJECT.     QSccMKilV.        0 


1 

1 

EXP.  N5  7  10000 

RAB.  N5  15   ^00 

6  INJECT.    0.5ccN.|-tS. IS.  1,000 
500 

RAB.NS  17 100 

SO 
SINJECT.    a5cc:N.HSIV.        0 


/ 

I 
1 

( 
( 

' 

Text-Fig.  3.  Precipitin  tests  after  repeated  intraspinal  or  intravenous  injec- 
tions of  normal  horse  serum. 


(Text-fig.  2).     It  is  common  to  find  rabbits  which  fail  to  give  any 
precipitin  response  whatever  to  protein  injections.^ 

In  the  ne.xt  series  of  experiments  repeated  intraspinal  injections  of 
normal  horse  serum  were  given  to  rabbits;  as  controls  others  were  so 
treated  intravenously.     The  following  protocols  are  typical. 


Experiment  4. — Rabbit  8;  weight  2,500  gm. 
puncture.     0.7  cc.  of  cerebrospinal  fluid  removed 
injected.    Jan.  15.     Subarachnoid  puncture.    0. 
moved.    0.5  cc.  of  normal  horse  serum  injected, 
ture.    0.5  cc.  of  cerebrospinal  fluid  removed, 
injected.    Jan.  20.    Subarachnoid  puncture.    0, 
moved.    0.4  cc.  of  normal  horse  serum  injected, 
ture.    0.2  cc.  of  cerebrospinal  fluid  removed, 
injected. 


Jan.  14,  1920.  Subarachnoid 
.  0.5  cc.  of  normal  horse  serum 
.5  cc.  of  cerebrospinal  fluid  re- 
Jan.  17.  Subarachnoid  punc- 
0.5  cc.  of  normal  horse  serum 
.5  cc.  of  cerebrospinal  fluid  re- 
Jan.  22.  Subarachnoid  punc- 
0.4  cc.  of  normal  horse  serum 
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Rabbit  9;  weight  2,350  gm.  Jan.  14,  1920.  0.5  cc.  of  normal  horse  serum 
injected  intravenously.  Jan.  15.  0.5  cc.  of  normal  horse  serum  injected  intra- 
venously. Jan.  17.  0.5  cc.  of  normal  horse  serum  injected  intravenously.  Jan. 
20.  0.4  cc.  of  normal  horse  serum  injected  intravenously.  Jan.  22.  0.4  cc.  of 
normal  horse  serum  injected  intravenously. 

Precipitin  Tests  with  Sera  8  and  9  against  Dilutions  of  Normal  Horse  Serum. 


Date. 


1920 
Jan. 21. 
"    22. 


1: 10 


+ 
+  +  + 


1:100 


+  +  + 
+  +  + 


+  + 


1:1,000 


+ 
+  +  + 


1:5,000 


+  + 


1:10,000 


Controls:  normal  rabbit  serum  and  normal  sheep  serum  against  dilutions  of  normal  horse 
serum,  negative. 

Precipitin  Tests  with  Dilutions  of  Sera  8  and  9  against  Serum  10,  an  Anli-Horse 

Rabbit  Sermn,  in  Order  to  Detect  Uncltanged  Horse  Serum 

(Precipitinogen)  in  the  Blood. 


Date. 

1:10 

1:100 

1:500 

1:1,000 

en 

E 
g 

00 

E 

t/3 

CO 

00 

e 

t/3 

B 

q6 

B 

£ 
in 

1920 

Jan.  15 

+ 

+  + 

± 

+  + 

+ 

+ 

0 

+ 

0 

± 

0 

0 

0 
0 

"    17 

„ 

«    21          

__ 

Precipitin  Tests  with  Dilutions  of  Cerebrospinal  Fluid  8  against  Serum  10,  an  Anti- 
Horse  Rabbit  Serum,  in  Order  to  Detect  Unchanged  Horse 
Serum  {Precipitinagen)  in  the  Cerebrospinal  Fluid. 


Date. 

1:10 

1:100 

1:500 

1:1.000 

1920 

Jan.  15 

+  + 
+  + 

+ 
+ 

0 

+ 

"    17 

0 

HARRY  L.  ALEXANDER 


479 


Experiment  5.— Rabbit  11;  weight  1,780  gm.  Mar.  2,  3,  5,  6,  8,  9,  and  10, 
1920.  On  each  of  these  days  a  subarachnoid  puncture  was  made,  0.5  cc.  of  cere- 
brospinal fluid  was  withdrawn,  and  0.5  cc.  of  normal  horse  serum  injected. 

Rabbit  12;  weight  1,900  gm.  Mar.  2,  3,  5,  6,  8,  9,  and  10,  1920.  On  each  of 
these  days  0.5  cc.  of  normal  horse  serum  was  injected  intravenously. 


Precipilin  Tests  mth  Sera  11  and  12  against  Dilutions  of  Normal  Horse  Serum. 

1:10 

1:100 

1:500 

1:1,000 

1:5,000 

1:10,000 

Date. 

E 
2 
en 

+ 
+  + 

CO 

0 
0 

+ 

E 
I 

+ 
+  + 
+  + 

S 

2 

0 

+ 
+  + 

+  + 
+  + 

E 

2 

0 

+ 

+ 

E 
S 
& 

0 

+ 
+ 

0 

+ 
+ 

E 

2 

0 
0 
0 

E 

=r 

0 
0 
0 

i 

0 
0 
0 

s 

3 

1920 

Mar.    9  

0 

"     10 

n 

"     11 

0 

Controls:  normal  rabbit  serum  and  normal  sheep  serum  against  dilutions  of  normal  horse 
serum,  negative. 

Precipitin  Tests  with  Dilutions  of  Sera  11  and  12  against  Serum  1,  an  Anti-Horse 

Rabbit  Serum,  in  Order  to  Detect  Unchanged  Horse  Serum 

{Precipitinogen)  in  the  Blood. 


1:10 

1:100 

1:500 

1:1,000 

Date. 

E 
2 

U 

E 
2 

s 

3 
V 

in 

S 
a 

1 

E 

3 
0) 

1 

1920 
Mar.    8 

+ 
+ 

++  + 

++  + 

++ 

0 
0 

+ 
++ 

0 

0 
0 
0 

0 

± 

0 

0 
0 
0 

0 

«       9 

0 

"     10 

0 

Precipitin  Tests  with  Dilutions  of  Cerebrospinal  Fluid  11  against  Scrum  1,  an  Anti- 
Horse  Rabbit  Serum,  in  Order  to  Detect  Unchanged  Horse 
Serum  {Precipitinogen)  in  the  Cerebrospinal  Fluid. 


Date. 

1:10 

1:  100 

1:500 

1:1,000 

1920 

Mar.    8 

0 

++ 

+ 

0 

+ 
4- 

0 

zt 

0 

0 

"      9 

0 

"     10 
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Experiment  6. — Rabbit  13;  weight  1,960  gm.  June  15,  1920.  Subarachnoid 
puncture.  0.5  cc.  of  cerebrospinal  fluid  was  removed.  0.2S  cc.  of  normal  horse 
scrum  injected.  June  17,  18,  19,  21,  and  23.  On  each  of  these  days  a  sub- 
arachnoid puncture  was  made,  0.5  cc.  of  cerebrospinal  fluid  was  removed,  and 
0.5  cc.  of  normal  horse  serum  injected. 

Rabbit  14;  weight  2,100  gm.  June  15,  1920.  0.25  cc.  of  normal  horse  serum 
was  injected  intravenously.  June  17,  18,  19,  21,  and  23.  On  each  of  these  days 
0.5  cc.  of  normal  horse  serum  was  injected  intravenously. 


Precipitin  Tests  with  Sera  13  and  14  against  Dilutions  of  Normal  Horse 

Serum. 

1:10 

1:100 

1:500 

1:I',000 

1:5.000 

1: 10,000 

Date. 

(^ 

->* 

»*> 

^ 

PO 

•^ 

to 
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'* 

B 
E 

tn 

en 

B 
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B 

U3 

B 
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3 

k. 

& 

B 
2 
c!5 

s 
B 

i 

1920 

June  23 

zfc 

+ 
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+ 
+  + 

0 

+ 

+ 
++ 

0 
0 

0 

+ 

0 
0 

0 
0 

0 
0 

0 
0 

0 

"     24 

0 

"     25 

++ 

+ 

+  + 

+ 

++ 

± 

+ 

0 

+ 

0 

0 

0 

Controls:  normal  rabbit  serum  and  normal  sheep  serum  against  dilutions  of  normal  horse 
serum,  negative. 

Precipitin  Tests  mitk  Dilutions  of  Sera  13  and  14  against  Serum  15,  an  Anti-Horse 

Rabbit  Serum,  in  Order  to  Detect  Unchanged  Horse  Serum 

(J'recipilinogen)  in  the  Blood. 


1: 

10 

1: 

00 

1: 

iOO 

1:1,000 

Date. 
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3 

E 

B 
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3 
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June  21 

+ 
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+  + 
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0 

"    23 : . 
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Precipitin  Tests  with  Dilutions  of  Cerebrospinal  Fluid  13  against  Serum  15,  an 

A  nti-Horse  Rabbit  Serum,  in  Order  to  Detect  Unchanged  Horse 

Serum  {Precipitinogen)  in  the  Cerebrospinal  Fluid. 


Date. 

1:10 

1:100 

1:500 

1:1,000 

1920 
June  21 

+ 
+ 

0 
0 
0 

0 
0 
0 

0 

"     22 

0 

"     23 
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June  25,  1920,  2.30  p.m.  Guinea  Pig  1,  1  cc.  of  Rabbit  Serum  IS'**  intraperi- 
toneally.  Guinea  Pig  2,  2.5  cc.  of  Rabbit  Serum  13  intraperitoneally.  Guinea 
Pig  3,  1  cc.  of  Rabbit  Serum  14^^  intraperitoneally.  Guinea  Pig  4,  2.5  cc.  of 
Rabbit  Serum  14  intraperitoneally.  June  26,  4  p.m.  Guinea  Pig  1,  0.5  cc.  of 
normal  horse  serum  intracardially;  mild  anaphylactic  symptoms.  Guinea  Pig  2, 
0.5  cc.  of  normal  horse  serum  intracardially;  anaphylactic  death  in  3  minutes. 
Guinea  Pig  3,  O.S  cc.  of  normal  horse  serum  intracardially;  no  anaphylactic  symp- 
toms. Guinea  Pig  4,  0.5  cc.  of  normal  horse  serum  intracardially;  no  anaphy- 
lactic symptoms. 

Experiment  7.— Rabbit  16;  weight  2,100  gm.  June  15,  17,  18,  19,  21,  and  23, 
1920.  On  each  of  these  days  a  subarachnoid  puncture  was  made,  O.S  cc.  of  cere- 
brospinal fluid  was  withdrawn,  and  0.5  cc.  of  normal  horse  serum  injected. 

Rabbit  17;  weight  2,040  gm.  June  15,  17,  18,  19,  21,  and  23,  1920.  On  each 
of  these  days  0.5  cc.  of  normal  horse  serum  was  injected  intravenously. 

Precipitin  Tests  with  Sera  16  and  17  against  Dilutions  of  Normal  Horse  Scrum. 
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Controls :  normal  rabbit  serum  and  normal  sheep  serum  against  dilutions  o£  normal  horse 
serum,  negative. 


Precipitin  Tests  with  Dilutions  of  Sera  16  and  17  against  Serum  15,  an  Anti-Horse 

Rabbit  Serum,  in  Order  to  Detect  Unchanged  Horse  Serum 

(Precipitinogen)  in  the  Blood. 
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"  These  sera  given  on  June  25  were  withdrawn  just  prior  to  guinea  pig  inocu- 
lations. 
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Precipitin  Tests  with  Dilutions  of  Cerebrospinal  Fluid  16  against  Serum  15,  an 
Anti-Horse  Rabbit  Serum,  in  Order  to  Detect  Unclianged  Horse 
Serum  {Precipitinogen)  in  the  Cerebrospinal  Fluid. 


Date. 

1:10 

1:100 

1:500 

1:1,000 

/P20 

June  21 

+ 

+ 

Lost. 

0 

0 

Lost. 

0 

0 

Lost. 

0 

"     22 

0 

"     23 

Lost. 

June  25,  1920,  2.25  p.m.  Guinea  Pig  5,  0.1  cc.  of  Rabbit  Serum  16  intraperi- 
toneally.  Guinea  Pig  6,  1  cc.  of  Rabbit  Serum  16  intraperitoneally.  Guinea 
Pig  7,  2  cc.  of  Rabbit  Serum  16  intraperitoneally.  Guinea  Pig  8,  0.1  cc.  of  Rabbit 
Serum  17  intraperitoneally.  Guinea  Pig  9,  1  cc.  of  Rabbit  Serum  17  intraperi- 
toneally. Guinea  Pig  10,  2  cc.  of  Rabbit  Serum  17  intraperitoneally.  June  26, 
4  p.m.  Guinea  Pig  5,  0.5  cc.  of  normal  horse  serum  intracardially;  no  anaphy- 
lactic symptoms.  Guinea  Pig  6,  0.5  cc.  of  normal  horse  serum  intracardially; 
severe  anaphylactic  symptoms.  Guinea  Pig  7,  0.5  cc.  of  normal  horse  serum 
intracardially;  died  in  4  minutes.  Guinea  Pig  8,  0.5  cc.  of  normal  horse  senmi 
intracardially;  no  anaphylactic  symptoms.  Guinea  Pig  9,  0.5  cc.  of  normal  horse 
serum  intracardially;  no  anaphylactic  symptoms.  Guinea  Pig  10,  0.5  cc.  of 
normal  horse  serum  intracardially;  mild  anaphylactic  symptoms.  Guinea  Pig 
11  (control;  injected  May  10  with  1  cc.  of  normal  horse  serum  intraperitoneally), 
0.1  cc.  of  normal  horse  serum  intracardially;  died  in  3  minutes. 

Text-figs.  1  to  3  represent  graphically  the  precipitin  response  in  all 
the  rabbits.  Precipitin  tests  for  unchanged  horse  serum  in  the  blood 
and  spinal  fluid,  as  well  as  the  strength  of  all  the  reactions,  are  omitted 
to  avoid  confusion. 


DISCUSSION. 

The  marked  discrepancy  between  precipitin  formation  in  the 
blood  of  rabbits  following  intraspinal  and  intravenous  inj'ections  of 
the  precipitinogen,  coincides  with  differences  in  clinical  manifestations 
after  administration  of  horse  serum  by  these  channels.  The  expla- 
nation of  the  reactions  is  not  clear.  Two  alternatives  are  considered : 
purely  mechanical  factors  whereby  horse  serum  in  the  cerebrospinal 
fluid  gains  access  to  the  blood  more  slowly  than  when  injected  directly 
into  the  veins;  and  a  specific  influence  upon  precipitin  formation  by 
nervous  tissue  cells. 
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In  the  first  instance,  a  gradual  introduction  of  the  precipitinogen 
into  the  blood  may  conceivably  have  a  different  stimulating  effect  upon 
precipitin  formation  than  when  the  entire  dose  is  injected  intravenous- 
ly. This  may  be  especially  true  when  serum  is  repeatedly  given,  each 
subsequent  intravenous  dose  tending  to  combine  and  thus  to  use  up 
precipitins  already  formed.  That  horse  senmi  injected  into  the 
subarachnoid  space  is  detected  there  24  and  48  hours  after  injection 
may  be  due  to  leakage  from  the  blood  in  spite  of  the  clear  character 
of  the  cerebrospinal  fluid  after  frequent  punctures.  Flexner  and 
Amoss'^  have  pointed  out  that  meningeal  injury  capable  of  causing 
permeability  is  not  always  sufficient  to  cause  morphological  changes 
in  the  fluid.  Mention  may  be  made  of  experiments  by  Jacob,'^  who 
demonstrated  iodine  and  other  substances  in  cells  of  the  central 
nervous  tissues  several  days  after  intraspinal  administration.  In  the 
studies  reported  here  no  parallel  experiments  with  intraperitoneal 
and  subcutaneous  injections  were  made.  However,  it  is  generally 
advocated  that  intravenous  administration  of  the  precipitinogen  is 
more  effective  in  precipitin  production  than  the  routes  mentioned 
above. 

There  is  little  evidence  to  show  that  the  central  nervous  system 
exerts  a  specific  influence  on  precipitin  production  and  anaphylactic 
reaction.  It  is  noteworthy,  however,  that  the  intracerebral  injection 
of  horse  serimi  in  sensitized  guinea  pigs  is  one  of  the  most  rapid  and 
effective  methods  of  producing  anaphylactic  shock,  as  pointed  out  by 
Besredka  and  Steinhardt"  and  confirmed  by  Rosenau  and  Anderson." 

An  interesting  phase  of  these  experiments  is  the  small  amounts  of 
horse  serum  required  to  produce  potent  precipitin  formation  in 
contrast  to  the  large  doses  usually  advocated.  This  experience  has 
recently  been  confirmed  by  Mackenzie.'' 

Contrary  to  expectation,  clear  cerebrospinal  fluid  was  obtained 
after  repeated  intraspinal  injections  of  horse  serum  which  contained 
no  preservative. 

'^  Flexner,  S.,  and  Amoss,  H.  L.,  J.  Exp.  Med.,  1917,  xxv,  525. 
'^  Jacob,  P.,  Deulsch.  med.  Wocli.,  1900,  xxvi,  46. 
''  Besredka,  A.,  and  Steinhardt,  E.,  Ann.  Insl.  Pasteur,  1907,  xxi,  117. 
'^  Rosenau,  M.  J.,  and  Anderson,  J.  F.,  Bull.  Hyg.  Lab.,  U.  S.  P.  H.,  No.  45, 
1908. 

''  Mackenzie,  G.  M.,  personal  communication. 
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Unfortunately,  no  cases  of  meningitis  appeared  when  this  subject 
could  be  studied  clinically.  Therefore,  whether  the  clinical  reactions 
noted  above  are  due  to  a  mechanism  similar  to  that  in  these  experi- 
ments remains  to  be  proved. 

SUMMARY. 

1.  Rabbits  which  have  received  a  single  dose  of  normal  horse 
serum  in  the  subarachnoid  space  produce  precipitins  in  the  blood 
in  greater  abundance,  of  higher  titer,  and  persisting  longer  than 
those  in  control  rabbits  which  have  received  a  similar  injection 
intravenously. 

2.  Repeated  subarachnoid  injections  of  normal  horse  serum  in 
rabbits  induce  precipitins  in  the  blood  early.  These  may  appear  in 
high  titer  as  soon  as  1  week  after  the  initial  injection,  whereas  in 
rabbits  similarly  treated  intravenously  no  precipitins  are  found  at  this 
time.    They  may  appear  a  few  days  afterward  and  reach  a  high  titer. 

3.  No  anaphylactic  manifestations  occurred  in  rabbits  treated 
repeatedly  with  subarachnoid  injections  of  normal  horse  serum  when 
the  precipitin  content  of  the  blood  was  high. 

4.  Anaphylactins,  as  determined  by  passive  transfer  of  anaphylaxis, 
were  demonstrated  in  sera  with  high  precipitin  content. 

5.  These  experiments  may  explain  clinical  evidences  of  anaphy- 
laxis, observed  when  an  initial  intravenous  injection  of  horse  senmi 
followed  a  series  of  intraspinal  injections  of  such  serum. 
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It  has  been  shown  that  connective  tissue  cells  of  the  chick  embrj-o 
become  greatly  altered  when  placed  in  an  abnormal  environment 
(M.  R.  Lewis,  1918;  W.  H.  Lewis,  1919;  M.  R.  Lewis,  1920;  Prigosen, 
1921).  These  alterations  in  appearance  can  be  compared  with  certain 
changes  which  take  place  in  pathological  conditions  of  adult  tissue 
such  as  fatty  degeneration,  necrosis,  autolysis,  phagocytosis,  etc. 

The  present  paper  is  a  report  of  the  results  obtained  when  white  of 
egg  is  introduced  into  the  medium  of  a  tissue  culture  of  connective 
tissue.  This  substance  not  only  has  a  decidedly  to.xic  influence  upon 
the  growth  of  the  cells,  but  it  also  produces  a  marked  change  in  the 
appearance  of  the  cells  comprising  the  growth,  owing  to  an  accumu- 
lation of  large,  somewhat  refractive  granules  within  the  cytoplasm 
of  these  cells.  These  granules  take  the  eosin  stain  when  methylene 
blue  and  eosin  are  used.  In  this  regard  the  connective  tissue  cells 
resemble  the  epithelium  of  renal  tubules  filled  with  colloid  or  hyahne 
droplets  described  by  MacCallum  (1916). '  On  the  other  hand,  when 
the  stain  used  is  iron-hematoxylin,  these  cells  closely  resemble  certain 
cells  undergoing  active  secretion  described  by  Hoven  (1910),  Mis- 
lawsky  (1913),  and  Saguchi  (1920). 

It  has  been  shown  that  explants  of  connective  tissue  from  the  chick 
embryo  grow  in  pure  egg  albumin  (Swezy,  1915).  These  cultures 
do  not  live  so  long  or  attain  so  extensive  a  growth  as  cultures  ex- 
planted  in  Locke-Lewis  solution.     Cells  from  the  subcutaneous  tissue 

1  MacCallum  (1916),  p.  91. 
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of  the  chick  embryo,  explanted  into  egg  albumin,  become  filled  with 
large  round  granules  of  different  sizes  (Figs.  1  and  2).  It  has  not 
been  possible  so  far  to  demonstrate  the  exact  chemical  nature  of 
these  granules;  therefore,  in  order  to  dilTerentiate  them  from  other 
granules  observed  in  the  cells,  they  will  be  called  al.  granules  through- 
out this  paper.  This  term  is  not  meant  to  signify  that  these  gran- 
ules are  or  are  not  albumin,  but  only  to  specify  that  they  are  due 
to  the  presence  of  albumin  in  the  en\ironment  of  the  cells. 

Chick  Enihryo  Connective  Tissue  in  Egg  Albumin. 

An  egg  was  opened  under  sterile  conditions  and  a  small  quantity 
of  the  white  removed  to  a  sterile  dish.  This  was  then  cut  many  times 
with  sharp  cur\'ed  scissors  in  order  to  obtain  a  solution  of  egg  albumin. 
A  piece  of  connective  tissue  was  removed  from  a  chick  embryo  of  7 
to  10  days  incubation  and  placed  on  the  solution  of  egg  white  where 
it  was  cut  up  into  small  pieces.  Each  piece,  with  a  small  quantity 
of  egg  albumin,  was  placed  on  a  clean  cover-glass  and  inverted  over 
a  vaseline  ring  on  a  depression  shde.  After  16  to  20  hours  connective 
tissue  cells  had  grown  out  into  the  medium  in  the  same  manner  as  in 
normal  cultures,  though  by  no  means  in  such  great  numbers  or  to 
so  great  an  extent.  All  these  cells  contained  a  nimiber  of  rather 
large  granules,  usually  round  in  outline.  The  granules  were  com- 
posed of  a  substance  which  differed  in  appearance  from  the  cyto- 
plasm. They  seemed  to  be  denser,  more  opaque,  and  possessed  an 
index  of  refraction  different  from  that  of  the  cytoplasm.  In  fixed 
preparations  they  stained  a  much  deeper  tone  than  the  cytoplasm, 
becoming  black  and  gray  with  hematoxylin  but  never  so  pale  as  the 
cytoplasm.  There  was  great  variation  in  the  size  of  the  granules 
in  a  given  cell,  as  well  as  in  those  in  different  cells.  They  were  in 
most  cases  much  larger  than  either  the  mitochondrial  bodies  or  the 
neutral  red  granules. 

Shipley  (1919)=  described  somewhat  similar  granules  in  plasma 
cultures  of  chick  embrj-os.  He  stated,  however,^  that  the  degeneration 
vacuoles  described  by  Lewis  and  Lewis  were  identical  with  these 

=  Shipley  (1919),  p.  288. 
3  Shipley  (1919),  p.  289. 
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plasma  granules,  and  that  the  differences  in  the  two  bodies  were  due 
to  differences  in  the  media.  This  is  not  true  in  regard  to  the  al.  gran- 
ules characteristic  of  the  albumin  cultures,  for  the  two  bodies,  i.e. 
the  al.  granule  and  the  degeneration  vacuole  (VV.  H.  Lewis,  1919), 
may  exist  side  by  side  in  degenerating  cultures  (Figs.  3  and  5).  In 
such  cultures  the  al.  granules  were  markedly  different  from  the 
degeneration  vacuoles  in  appearance  and  were  easily  distinguishable 
from  them,  not  only  in  the  living  cell  but  also  in  fixed  material. 

Plato  (1900)  injected  dried  and  powdered  white  of  egg  into  the 
abdominal  cavity  of  a  guinea  pig.  Shortly  afterwards  leucocytes 
were  obtained  from  this  region  and  stained  with  neutral  red.  They 
were  found  to  contain  large,  irregularly  shaped,  orange-red  clumps, 
which  Plato  supposed  were  ingested  particles  of  white  of  egg  taken  in 
as  foreign  bodies.  The  structures  obtained  in  this  manner  do  not 
resemble  to  any  great  extent  those  described  above  as  al.  granules. 

After  24  to  48  hours  a  difference  could  sometimes  be  detected 
in  the  appearance  of  the  individual  al.  granules  in  a  given  cell. 
Some  appeared  to  be  of  a  different  consistency,  but  whether  this 
could  be  expressed  as  more  fluid  is  doubtful.  In  the  stained  prepara- 
tions certain  of  the  granules  were  much  darker  than  others  (Fig.  2) 
and  the  changed,  possibly  more  fluid,  granules  of  the  living  cell 
probably  correspond  to  the  more  lightly  stained  ones  in  fixed  cultures. 

The  al.  granules  differed  from  certain  other  types  of  granules 
in  living  cells,  such  as  pigment  granules,  neutral  red  granules,  and 
certain  secretion  granules,  in  that  they  were  less  frequently  found 
collected  around  the  centrosphere  (Figs.  2  and  5)  than  in  other  regions 
of  the  cytoplasm.  The  processes  of  the  cells  were  always  free  from 
al.  granules.  Frequently  there  was  an  extensive  ectoplasm  which 
the  granules  did  not  enter,  but  occasionally  this  was  reduced  to  a 
narrow  ectosarc  on  one  or  both  sides  of  the  nucleus.  These  granules 
obscured  the  other  granules  in  the  living  cell,  except  at  the  periphery, 
where  the  mitochondria  could  be  seen  extending  out  into  processes 
of  the  cell.  Spindle-shaped  cells  (Fig.  1)  were  more  numerous  than 
were  the  flat  cells  (Fig.  2).  These  elongated  cells  contained  granules 
in  the  neighborhood  of  the  nucleus  but  there  were  none  in  the  ends 
of  the  cells.  The  cells  divided  by  mitosis,  even  when  full  of  granules 
(Fig.  4).     This  is  another  means  of  differentiating  these  granules  from 
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the  degeneration  vacuoles,  as  cells  containing  vacuoles  rarely  undergo 
mitotic  division. 

As  a  rule,  all  the  connective  tissue  cells  of  the  growth  contained 
some  al.  granules.  Certain  other  kinds  of  cells  in  the  same  culture, 
however,  did  not  have  these  granules.  While  the  number  of  these 
bodies  in  a  given  connective  tissue  cell  increased  to  some  extent  with 
the  age  of  the  cultures,  most  of  the  cells  contained  the  maximum 
number  at  the  end  of  24  hours. 

It  was  not  possible  to  observe  the  fate  of  the  granules  in  cultures 
grown  in  egg  albumin,  because  degeneration  took  place  too  rapidly. 
Generally,  after  48  hours,  degeneration  vacuoles  began  to  appear. 
These  signs  of  degeneration  took  place  first  in  the  cells  along  the 
periphery  of  the  growth.  In  most  of  the  flat  cells  the  cytoplasm  was 
sufficiently  spread  out  so  that  it  could  be  readily  seen  that  the  region 
of  the  centrosphere  was  free  from  al.  granules  and  that  a  number 
of  degeneration  vacuoles  had  collected  there  (Figs.  3  and  5).  From 
the  location  of  the  degeneration  vacuoles  it  is  evident  that  they  were 
not  formed  from  al.  granules  which  had  become  fluid  due  to 
digestion  of  the  substance  forming  them.  After  72  hours  vacuoles 
were  present  between  some  of  the  al.  granules,  as  well  as  in  the 
region  of  the  centrosphere  (Fig.  5),  and  many  of  the  cells  were  so 
degenerate  that  it  was  impossible  to  determine  whether  the  vacuoles 
were  around  the  granules  or  between  them.  In  some  of  the  degen- 
erate cultures  the  al.  granules  were  small  and  fragmented.  After 
the  vacuoles  appeared  the  cells  rapidly  assimied  a  rounded  form 
so  that  the  details  of  the  phenomenon  could  not  be  observed  clearly. 
The  vacuoles  increased  in  number,  and  degeneration  took  place  much 
more  rapidly  than  in  the  normal  cultures.  Few  of  the  cultures  in 
egg  albumin  sur\-ived  longer  than  3  or  4  days,  while  most  of  the  control 
cultures  grown  in  Locke-Lewis  solution  lived  for  over  2  weeks. 

Wliether  the  albumin  was  taken  from  a  freshly  laid  or  from  an 
incubated  egg  made  no  difference  in  the  appearance  of  the  al. 
granules,  although  the  hydrogen  ion  concentration  of  an  incubated 
egg  diti'ers  from  that  of  an  unincubated  egg.  The  cells  of  cultures 
made  with  albumin  from  an  incubated  egg  also  divided  by  mitosis 
(Fig.  9)  and  produced  a  small  growth  around  the  explant.  After  a 
few  days,  degeneration  took  place  and  the  cells  died  about  as  rapidly 
as  in  albumin  from  the  fresh  egg. 
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Cultures  in  Diluted  Egg  Albumin. 

Much  the  same  result  in  regard  to  the  accumulation  of  granules 
in  the  cells  was  produced  when  the  albumin  was  diluted  one-half  with 
Locke-Lewis  solution;  but  when  the  quantity  of  albumin  was  greatly 
reduced  the  results  became  less  constant.  This  may  have  been 
partly  due  to  the  difficulty  of  obtaining  a  uniform  solution  of  the  egg 
albumin.  In  media  containing  only  a  small  percentage  of  egg  albumin 
(1  to  5  per  cent)  many  of  the  cultures  exhibited  no  accumulation  of 
granules  in  the  cells  (Figs.  6  and  7) ;  in  others  a  few  of  the  cells  contained 
many  granules,  the  remaining  cells  being  entirely  free  from  them; 
while  in  still  other  cultures  a  few  small  granules  were  present  in  every 
cell.  Some  cultures  in  diluted  egg  albumin  remained  normal  for 
several  days  but  later  a  number  of  the  cells  exhibited  t3q3ical  al. 
granules.  The  smaller  the  percentage  of  albumin  in  the  medium,  the 
more  nearly  normal  did  the  cultures  appear  in  extent  of  growth  and 
length  of  life;  in  none  of  the  percentages  of  albumin  used  did  the 
growths  become  so  large  or  live  so  long  as  they  did  in  the  Locke-Lewis 
solution. 

Changes  Produced  in  Cultures  When  the  Locke-Lewis  Solution  Is 
Replaced  by  Egg  Albumin. 

The  hanging  drop  was  removed  from  24  to  48  hour  cultures  of 
chick  connective  tissue  which  had  been  explanted  in  Locke-Lewis 
solution  and  was  replaced  by  egg  albumin.  This  caused  immediate 
changes  in  the  appearance  of  the  normal  connective  tissue  cells 
(Fig.  11),  due  not  only  to  the  change  in  the  nature  of  the  environ- 
ment from  a  neutral  or  shghtly  acid  fluid  to  a  markedly  alkaline  jelly, 
but  also  to  the  manipulation.  The  mitochondria  usually  assumed 
the  form  of  short  rods  and  granules  instead  of  filaments,  and  the 
cells  became  somewhat  rounded,  showing  a  number  of  processes. 
In  some  instances  many  of  the  cells  died.  Al.  granules  did  not 
appear  for  several  hours,  but  after  20  hours  these  bodies  were  about 
as  abundant  and  of  the  same  size  as  those  in  cells  of  cultures 
explanted  directly  into  egg  albumin.  It  was  not  observed  that  the 
mitochondria  stored  up  albumin  and  changed  into  the  al.  gran- 
ules.    They  did,  however,  become  shorter  and  seemed  to  decrease 
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in  number  as  the  cells  became  full  of  granules.  The  size  of  the 
growth  of  cultures  under  these  conditions  was  always  larger  than 
that  of  cultures  explanted  directly  into  egg  albumin,  because  the 
growth  had  already  become  extensive  in  the  normal  medium  before 
the  egg  albumin  was  placed  upon  it.  When  these  cultures  degen- 
erated, vacuoles  appeared  in  the  cytoplasm  in  the  usual  manner, 
regardless  of  the  number  or  size  of  al.  granules  in  the  cells.  Some 
of  the  cells  degenerating  under  these  conditions  presented  unusual 
appearances,  especially  in  the  region  of  the  centrosphere.  In  some 
instances  large  bodies  resembling  a  certain  type  of  giant  centro- 
sphere described  by  W.  H.  Lewis  (1920)  were  observed  (Fig.  12). 

Efect  Produced  by  Vital  Dyes. 

When  a  solution  of  Janus  green  was  placed  upon  a  culture  the 
cells  of  which  contained  al.  granules,  the  mitochondria  became  a 
bright  blue-green,  while  the  al.  granules  remained  unstained.  After 
the  cells  began  to  die,  as  they  soon  did  owing  to  the  toxic  effect 
of  the  stain,  the  al.  granules  sometimes  took  on  the  green  color. 
There  were  fewer  mitochondria  in  cells  living  in  egg  albumin  than  in 
those  in  Locke-Lewis  solution  and  the  filaments  extending  out  into 
the  processes  were  shorter.  Scattered  among  the  al.  granules  were 
a  few,  short,  rod-shaped  and  granular  mitochondria.  In  the  region 
of  the  centrosphere  the  mitochondria  were  more  like  those  of  normal 
cultures. 

Trypan  blue  dissolved  in  Locke-Lewis  solution,  when  placed  upon 
the  cultures,  failed  to  stain  any  body  in  the  cell  untU  a  number  of 
hours  had  elapsed;  then  a  few  small  blue  granules  appeared  but  the 
al.  granules  remained  colorless  (Fig.  8) . 

Neutral  red  was  taken  up  by  the  vacuoles  and  granules  in  these 
cells  in  about  the  same  manner  as  in  the  normal  cultures.  After  a 
few  hours  the  al.  granules  were  sometimes  unstained,  again  they 
appeared  to  be  pale  pink,  and  in  other  cases  they  seemed  to  be 
outlined  with  red. 
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Fixed  and  Stained  Preparations. 

The  al.  granules  were  more  successfully  fixed  and  stained  than 
were  the  mitochondria.  ISIethods  of  fixation  which  did  not  pre- 
serve the  mitochondria  frequently  afforded  good  results  in  as  far 
as  the  al.  granules  were  concerned.  An  easy  method  of  fixation 
by  which  both  t>-pes  of  granules  are  preserved  is  to  wash  off  the 
albumin  by  means  of  warm  Locke-Lewis  solution  and  drop  the 
cover-sKp  into  Zenker's  solution  from  which  acetic  acid  has  been 
omitted.  With  iron-hematoxylin  the  al.  granules  stained  in  various 
shades,  from  dense  black  to  gray,  the  result  probably  depending 
upon  the  concentration  of  the  material  forming  the  granule.  In 
appearance  the  cells  bear  a  striking  resemblance  to  the  secretion 
cells  illustrated  by  Hoven  (1910),  Saguchi  (1920),  Mislawsky  (1913), 
and  others.  All  the  forms  described  by  these  investigators  to 
show  stages  in  the  change  from  mitochondria  into  secretion  granules 
can  be  foimd.  This  suggests  that  Scott  (1916)  probably  was  correct 
in  his  view  that  the  granules  present  in  certain  gland  cells  may  be 
material  accumulated  in  the  cytoplasm  and  not  necessarily  formed 
directly  from  any  preexisting  structure  of  the  cell,  such  as  the 
mitochondria. 

Culturts  of  Fish  Embryos  in  Egg  Albumin. 

A  few  cultures  of  embryos  of  Fundulus  heteroclitus  were  made  in 
egg  albimiin.  The  cells  of  these  cultures  grew  much  more  slowly 
but  almost  as  extensively  in  the  egg  albumin  as  did  those  in  the  fluid 
media  described  by  Dederer.''  Instead  of  all  the  mesenchjine  cells 
becoming  filled  with  al.  granules,  as  they  do  in  chick  cultures, 
only  a  few  along  the  edge  of  the  growth  showed  the  granules.  This 
may  be  due  to  the  fact,  as  shown  by  Dederer,  that  the  mesenchjmie 
cells  grow  along  the  cover-slip  and  are  in  most  places  covered  by  a 
layer  of  ectoderm  cells  which  separate  them  from  the  medium. 
The  ectoderm  did  not  form  al.  granules  to  any  appreciable  extent. 
The  peripheral  mesenchyme  cells,  which  contained  al.  granules 
(Fig.  10),  appeared  much  the  same  as  did  those  of  the  chick  embrj'O. 

^  Dederer,  P.  H.,  personal  communication. 
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DISCUSSION   AND    SUMMARY. 

It  is  difficult  to  understand  what  factors  may  be  concerned  in  the 
formation  of  the  al.  granules.  The  phenomenon  may  be  concerned 
with  changes  in  the  cell  membrane  due  to  an  abnormal  environ- 
ment; that  is,  material  which  would  otherwise  be  excluded  may  be 
permitted  to  enter  the  cell,  or,  on  the  other  hand,  certain  substances 
may  be  prevented  from  passing  out  of  the  cells.  Previous  investi- 
gators have  shown  that  mesenchyme  cells  sometimes  engulf  certain 
foreign  bodies,  and  it  is  possible  that  the  solution  of  white  of  egg  is 
ingested  in  the  same  manner.  When  a  solution  of  peptone  was  placed 
on  the  cells  instead  of  egg  white,  the  phenomenon  did  not  occur  (Fig. 
13);  the  cell  remained  normal  and  degenerated  in  the  usual  manner 
(Fig.  14).  This  would  seem  to  indicate  that  the  al.  granules  are  not 
fonned  from  peptone.  Regardless  of  the  factors  involved,  it  is 
evident  that  egg  albumin  in  the  medium  of  tissue  cultures  of  chick 
embryos  causes  the  formation  of  numerous  large  granules  in  the  cyto- 
plasm of  the  connective  tissue  cells.  This  phenomenon  is  associated 
with  unfavorable  conditions  for  the  life  of  the  cells  and  results  in  the 
rapid  death  of  the  cultures. 
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EXPLANATION  OF  PLATE  51. 

All  the  figures  are  camera  lucida  drawings  of  cells  from  the  subcutaneous  tissue 
of  chick  embryos;  oO  immersion  lens  and  No.  6  ocular. 

Fig.  1.  .\  spindle  cell  containing  al.  granules  from  a  48  hour  culture  of  an  8 
day  embryo  in  egg  albumin. 

Fig.  2.  A  flat  cell  containing  al.  granules  from  a  48  hour  culture  of  a  7  day 
embryo  in  egg  albumin. 

Fig.  3.  A  flat  cell  containing  al.  granules;  a  few  degeneration  vacuoles  may 
be  seen  in  the  region  of  the  centrosphere.  48  hour  culture  of  an  8  day  embryo 
in  egg  albumin. 

Fig.  4.  Mitosis  of  a  cell  containing  al.  granules. 

Fig.  S.  a  cell  from  a  24  hour  normal  culture  which  had  egg  albumin  on  it  for 
72  hours. 

Fig.  6.  A  cell  from  a  4  day  culture  in  diluted  egg  albumin.  This  cell  does  not 
contain  al.  granules. 

Fig.  7.  A  degenerating  cell  from  a  4  day  culture  in  diluted  egg  albumin. 

Fig.  8.  A  cell  from  a  culture  of  an  8  day  embryo  in  egg  albumin  which  had  been 
stained  with  trypan  blue. 

Fig.  9.  A  cell  undergoing  mitotic  division  from  a  culture  of  an  8  day  embryo 
in  albumin  from  an  egg  incubated  for  12  days. 

Fig.  10.  a  cell  from  a  culture  of  Fiindulus  embryo  in  egg  albumin. 

Fig.  11.  a  cell  from  a  10  day  culture  of  an  8  day  embryo  in  Locke-Lewis 
solution. 

Fig.  12.  A  cell  containing  a  giant  centrosphere  from  a  culture  which  had  the 
Locke-Lewis  solution  replaced  by  egg  albumin  for  24  hours. 

Fig.  13.  A  cell  free  from  al.  granules  which  had  1  per  cent  Bacto  peptone  on  it 
for  24  hours. 

Fig.  14.  A  cell  from  a  culture  which  had  5  per  cent  Bacto  peptone  placed  upon 
it.    This  cell  contains  no  al.  granules  but  has  degeneration  vacuoles. 
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(Lewis:  Tissue  culture  of  chick  embryos.) 


EXPERIMENT.\L  SYPHILIS  IN  THE  RABBIT. 

VI.    Affections  of  Bone,  Cartilage,  Tendons,  and  Synovial 

Membranes. 

Part  1.  Lesions  of  the  Skeletal  System. 

By  wade  H.   BROW^,  M.D.,  and  LOUISE  PEARCE,  M.D.,  and  WILLIAM  D. 
WITHERBEE,  M.D.,  Roentgenologist. 

{From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

Plates  52  to  60. 
(Received  for  publication,  December  27,  1920.) 

S>-p}iilitic  lesions  of  the  skeletal  system  of  the  rabbit  were  first  reported  by 
Uhlenhuth  and  Mulzer  (1)  in  1910  under  the  rather  indefinite  term  of  "nose 
tumors."  The  conditions  described  by  them  were  produced  by  intracardial  and 
intravenous  injections  of  massive  doses  of  Treponema  pallidum  in  young  rabbits 
and  appear  to  have  been  chiefly  tumor-like  swellings  of  the  nasal  mucosa  and  the 
soft  tissues  about  the  end  of  the  nose.  However,  periostitis  was  described  in 
one  instance,  and  subsequent  reports  (2)  contained  Ulustrations  of  several  t\'pes  of 
the  "nose  tumors,"  which  were  ob\'iously  lesions  of  the  nasal  bones  and  cartilages. 

Reasoner  (3)  also  has  mentioned  the  occurrence  of  a  periosteal  lesion  of  the 
nasal  bones  and  refers  to  this  type  of  affection  as  a  late  manifestation  of  the  infec- 
tion produced  by  certain  strains  of  Treponema  pallidum.  None  of  these  authors 
indicates  the  relative  incidence  of  this  class  of  lesions,  and  these  are  the  only  ref- 
erences to  lesions  of  the  skeletal  system  which  have  come  to  our  notice.  Appar- 
ently no  instance  of  such  a  condition  has  been  reported  following  a  local  inocula- 
tion, unless  it  be  the  case  referred  to  by  Reasoner. 

In  our  experience,  however,  localized  infections  of  the  skeletal  sys- 
tem, including  the  bones  of  the  feet  and  legs  and  face,  were  quite  com- 
mon, hence  it  seems  that  the  conditions  have  passed  unrecognized 
and  are,  therefore,  essentially  new  additions  to  the  subject  of  experi- 
mental syphilis. 

Among  our  earlier  animals,  there  were  33,  or  26  per  cent,  of  those 
showing  manifestations  of  generalized  sj^hilis,  in  which  lesions  of 
the  periosteum,  bone,  cartilage,  tendons,  and  tendon  sheaths  were 
recognized  by  simple  palpation  and  inspection.     With  the  introduc- 
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tion  of  methods  intended  to  increase  the  incidence  and  the  severity 
of  the  generalized  infection,  as  indicated  in  a  previous  paper  (4), 
there  was  a  marked  increase  in  this  particular  group  of  conditions  and 
the  total  number  of  cases  available  for  study  was  more  than  doubled. 
In  addition,  the  use  of  the  radiograph  in  the  diagnosis  and  study  of 
deep  seated  lesions  has  been  of  considerable  advantage. 

The  majority  of  the  lesions  seen  were  instances  of  periosteal,  peri- 
chondrial,  or  bone  involvement;  only  a  few  cases  were  recognized 
clinically  in  which  the  lesions  appeared  to  originate  in  tendons,  tendon 
sheaths,  and  like  structures,  and  in  a  few  instances  affections  of  the 
joints  were  noted  which  appeared  to  be  attributable  to  syphilitic  infec- 
tion. The  parts  chiefly  affected  were  the  facial  and  cranial  bones 
and  cartilages,  and  the  bones,  tendons,  and  joints  of  the  feet,  legs, 
and  tail. 

All  these  are  lesions  of  hidden  parts  and  in  order  to  convey  some 
idea  of  the  nature  of  the  processes  concerned,  it  will  be  necessary  to 
preface  the  clinical  description  of  this  form  of  experimental  syphilis 
with  a  brief  description  of  the  lesions  themselves. 

General  Character  of  the  Lesions. 

Lesions  of  the  skeletal  system  proper  occurred  both  in  the  peri- 
osteum and  in  the  deeper  parts  of  the  bone  or  cartilage  but  most 
of  the  cases  which  came  under  our  observation  were  clearly  instances 
of  primary  periosteal  involvement. 

Periosteal  Lesions. — These  were  of  two  tj^es,  the  more  common  one 
being  a  nodular,  granulomatous  condition  and  the  other  a  process  of 
a  more  diffuse  character.  The  first  was  characterized  by  the  forma- 
tion of  small  flattened  or  oval  plaques,  or  of  elevated  nodules  of 
extreme  hardness  distributed  over  the  surface  of  the  bones.  Some 
of  them  spread  laterally,  forming  masses  which  could  barely  be  de- 
tected, while  others  became  more  elevated  and  reached  a  size  of 
from  a  few  millimeters  to  more  than  a  centimeter  in  diameter. 

Clinically,  these  lesions  were  readily  distinguishable  from  cutaneous 
affections  by  the  fact  that  the  skin  was  freely  movable  over  them  and 
they  were  firmly  attached  to  the  underlying  bone.  When  exposed 
to  view,  the  earlier  lesions  appeared  translucent  and  of  a  pale,  slightly 
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yellow  color,  or  presented  an  opalescent  appearance  and  were  sur- 
rounded by  a  faint  areola  of  newly  formed  vessels.  As  the  lesions 
developed,  they  became  more  dense  and  changed  to  a  gray  or  yellowish 
gray  color.  Some  were  highly  vascular  and  showed  irregularly  dis- 
tributed areas  of  congestion  and  hemorrhage  together  with  foci  of 
necrosis.  These  conditions  may  be  illustrated  in  general  by  Fig.  1, 
which  is  a  photograph  of  an  autopsy  specimen  showing  the  condition 
present  1 1  days  after  the  lesions  were  first  noted. 

Upon  section,  some  of  the  lesions  were  dense  and  fibrous,  while 
others  were  more  succulent  or  of  a  fleshy  character.  The  cut  surface 
of  the  larger  ones  frequently  presented  a  mottled  appearance  due  to 
the  presence  of  irregularly  distributed  areas  of  necrosis  and  hemor- 
rhage. In  other  cases,  the  surface  was  thickly  stippled  with  minute 
gray  or  yellow  points  of  necrosis  or  the  entire  center  of  the  lesion  was 
necrotic  and  demarcated  from  an  outer  zone  of  living  tissue  by  the 
presence  of  a  gray  or  yellowish  gray  line  (Figs.  2  and  3). 

The  necrotic  portion  of  the  lesion  remained  firm  and  elastic,  as  a 
rule,  but  in  exceptional  instances  or  in  cases  of  extensive  necrosis,  the 
central  portion  broke  down  into  a  softened  or  a  cheesy  mass  (Fig.  3). 

At  the  beginning,  lesions  of  this  type  were  largely  confined  to  the 
periosteum,  but  as  the  process  advanced,  they  frequently  extended  to 
the  underlying  bone.  The  changes  in  the  bones  themselves  were 
quite  variable.  In  general,  they  consisted  of  erosion  of  the  outer 
table,  or  of  bony  caries,  and  finally  led  to  an  osseous  overgrowth  or 
the  formation  of  osteophytic  nodes.  The  destructive  changes  are 
shown  in  Figs.  4  and  5. 

The  first  photograph  (Fig.  4)  shows  the  condition  found  at  autopsy  in  an  ani- 
mal with  actively  progressing  lesions  of  the  facial  bones.  There  were  three  groups 
of  lesions  present,  the  main  mass  occup\-ing  a  position  over  the  bridge  of  the 
nose  while  smaDer  lesions  were  present  on  both  sides  at  a  shghtly  higher  level. 

Upon  turning  back  the  flap  of  periosteum  covering  the  left  side  of  the  nose 
(Fig.  5),  the  upper  lesion  appeared  as  a  thickening  of  the  periosteum  corresponding 
with  an  area  of  erosion  in  the  bone  beneath.  Over  the  bridge  of  the  nose,  there 
was  a  rather  large  granulomatous  mass,  most  of  which  was  firmly  united  with 
the  periosteum.  In  the  position  occupied  by  this  mass,  a  considerable  area  of 
the  nasal  bone  had  been  completely  destroyed,  exposing  the  periosteum  of  the 
under  side  of  the  bone  which  was  also  affected.  These  lesions  had  been  recogniz- 
able for  only  19  days  and  yet  the  degree  of  destruction  was  quite  marked. 
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Pathologically,  the  ditluse  periostitis  dilTercd  from  the  more  cir- 
cumscribed or  nodular  form  chiefly  in  the  presence  of  a  thin  layer  of 
rather  soft  and  friable  tissue  which  covered  a  wide  area  of  bone.  Dur- 
ing the  earlier  stages  of  the  infection,  little  or  no  alteration  could  be 
detected  in  the  contour  of  the  part,  but  as  the  lesions  increased,  slight 
thickenings  or  irregularities  could  be  made  out. 

On  the  whole,  this  tj-pe  of  process  appeared  to  be  more  destructive 
than  the  circumscribed  or  nodular  form;  that  is,  its  extension  was 
lateral  and  inward  rather  than  upward  or  outward.  These  lesions 
also  tended  to  produce  a  chronic  fibrous  thickening  of  the  periosteum 
such  as  that  shown  in  Figs.  6  and  7.  The  thickening  of  the  perios- 
teum is  here  most  apparent  near  the  end  of  the  nose  where  a  bulbous 
enlargement  has  been  produced.  This  was  due  in  part  to  periosteal 
thickening  and  in  part  to  a  thickening  of  the  bone  and  nasal  cartilages 
(Fig.  7). 

With  bones  such  as  the  nasals,  periosteal  lesions  developed  from 
the  under  side  of  the  bone  as  well  as  from  the  outer  side.  This  is 
shown  in  a  low  power  magnification  of  a  cross-section  of  the  nasal 
bone  reproduced  in  Fig.  8. 

Perichondrial  lesions,  especially  those  about  the  face,  presented 
essentially  the  same  characteristics  as  those  of  the  periosteum.  Dur- 
ing periods  of  active  growth,  spirochetes  could  always  be  demonstrated 
in  these  as  well  as  other  bone  lesions  to  be  described,  and  were  usually 
present  in  very  large  numbers. 

Lesions  in  tJie  Bone  and  Marrow  Cavities. — In  addition  to  primary 
periosteal  involvement  with  subsequent  extension  to  the  bone,  a  num- 
ber of  lesions  were  seen  which  originated  within  the  bone  or  marrow 
ca\'ities.  This  class  of  infections,  including  what  might  be  desig- 
nated as  osteitis,  osteomyelitis,  and  epiphysitis  or  osteochondritis,  is 
still  somewhat  obscure  owing  to  the  difficulty  in  detecting  the  lesions 
at  an  early  stage  of  their  development. 

Clinically,  little  could  be  told  of  these  affections  by  ordinary  meth- 
ods of  examination  until  they  had  reached  a  fairly  advanced  stage. 
Necrosis  of  such  bones  as  the  nasals  could  then  be  detected  by  a 
crackling  or  giving  of  the  bone  beneath  the  palpating  finger,  and  as 
the  process  extended  to  the  outer  surface  of  the  bone,  a  deformity  was 
produced  which  in  most  instances  presented  the  same  picture  as  that 
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of  a  primary  periostitis.  Lesions  at  the  epiphyses  of  the  long  bones 
could  also  be  detected  in  some  instances  by  the  presence  of  a  swelling 
at  the  epiphyseal  line,  but  they  were  difficult  to  distinguish  from  peri- 
osteal lesions  which  showed  a  marked  tendency  to  localize  at  the 
same  points. 

By  the  use  of  x-rays,  some  early  lesions  were  detected  and  their 
development  was  followed,  but,  as  a  rule,  infection  of  the  deeper 
parts  of  the  bone  was  not  discovered  until  the  picture  had  been  com- 
plicated by  necrosis  with  dissolution  of  the  bone  or  by  pathological 
fracture.  There  are,  therefore,  two  groups  of  conditions  to  be  con- 
sidered— one  including  lesions  of  obvious  syphilitic  origin  and  the 
other  affections  of  a  more  obscure  character. 

By  radiographs  and  by  pathological  examination,  lesions  were 
found  in  both  the  long  and  the  flat  bones.  These  appeared  as  focal- 
ized processes  composed  of  a  pale,  translucent,  and  almost  gelatinous 
material  which  spread  out  in  the  marrow  cavities  to  a  greater  or  less 
extent  and  invaded  the  substance  of  the  bone.  A  lesion  of  this  type 
is  shown  in  Fig.  9  which  is  taken  from  the  so  called  fifth  metatarsal. 
As  may  be  seen,  there  were  in  this  case  both  periosteal  and  endosteal 
lesions  as  well  as  focal  lesions  within  the  bone  itself.  That  the  peri- 
osteal and  endosteal  lesions  were  not  parts  of  the  same  process  could 
be  determined  by  differences  in  their  histology,  but  such  distinctions 
could  not  be  made  with  lesions  within  the  bone. 

The  internal  lesions  appeared  to  arise  chiefly  from  the  membrane 
lining  the  marrow  cavity  (endosteum)  or  in  the  loose  perivascular 
tissues  surrounding  the  larger  vessels.  In  the  long  bones,  they  also 
showed  a  predilection  for  lines  of  epiphyseal  union  as  shown  in  Fig. 
10.  This  represents  a  fully  developed  lesion  which  originated  in  the 
epiphysis  and  subsequently  spread  to  other  parts  of  the  bone. 

Radiographs  of  the  early  lesions  showed  mainly  a  rarefication  in 
the  bone  and  a  loss  of  the  finer  details  of  structure.  These  changes 
may  be  seen  in  Fig.  1 1 ,  which  shows  two  very  distinct  areas  of  involve- 
ment. One  of  these  is  in  the  shaft  of  the  fifth  metatarsal  of  the  right 
foot  (a)  and  the  other  at  the  proximal  end  of  the  corresponding  bone 
of  the  left  foot  (b).  The  deformity  of  the  right  tarsus  and  their  reg- 
ularity seen  in  the  calcaneus  (c)  were  the  result  of  an  older  lesion  of 
a  type  to  be  described  later. 
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This  class  of  infections  naturally  gave  rise  to  pathological  altera- 
tions in  the  bone,  which  were  characterized  by  necrosis  with  a  more 
or  less  gradual  disintegration  of  the  bone  or  by  increased  fragility 
(when  necrosis  was  more  rapid)  and  the  occurrence  of  pathological 
fracture  or  epiphyseal  separation. 

With  these  facts  in  mind,  attention  may  be  called  to  another  group 
of  bone  lesions  whose  early  stages  are  very  difficult  of  recognition. 
These  include  chiefly  cases  of  necrosis,  fracture,  and  epiphyseal  sepa- 
ration of  the  calcaneus  with,  occasionally,  similar  lesions  in  other  bones, 
and  may  be  illustrated  by  the  affections  of  the  tarsus  shown  in  Figs. 
12  to  14. 

The  history  of  these  affections  was  much  the  same  in  all  cases; 
namely,  the  sudden  development  of  lameness,  with  a  marked  edema- 
tous swelling  of  the  entire  tarsus  together  with  some  tenderness  and 
the  presence  of  a  crepitus.  The  first  cases  which  were  noticed  were 
regarded  as  traumatic  injuries  and  no  particular  attention  was  paid 
to  them  until  it  was  found  that  similar  conditions  occurred  as  a  result 
of  obvious  syphilitic  infection. 

A  more  careful  investigation  was  then  attempted  and  the  nature  of 
the  injury  to  the  bone  determined  by  both  radiographic  and  pathologi- 
cal examination.  Spirochetes  could  not  be  found  in  fluid  aspirated 
from  these  cases'  and  the  condition  was  complicated  by  the  reaction 
incident  to  the  sudden  disruption  of  the  bone. 

From  an  examination  of  serial  radiographs  of  several  of  these  animals,  abnor- 
malities of  the  bones  could  be  made  out  in  some  which  antedated  the  occurrence 
of  the  lesion  in  question.  In  Fig.  15,  a  peculiar  defect  is  seen  in  the  calcaneus 
of  the  right  foot.  19  days  later,  this  bone  gave  way  in  the  middle  and  anterior 
portions,  permitting  the  talus  to  sink  downward  as  shown  in  Fig.  16,  the  details 
of  the  bony  structures  being  masked  at  this  time  by  an  effusion  into  the  tissues. 
There  was  also  a  dropping  of  the  arch. 

A  second  case  is  shown  in  Figs.  17  and  18.  The  first  point  to  be  noted  is  the 
dissimilarity  of  the  posterior  ends  of  the  calcanei.  The  left  bone  shows  a  narrow- 
ing of  the  neck  which  extends  well  below  the  level  of  the  tuberosity,  whUe  on  the 
right,  there  is  even  some  fullness  in  this  region.    This  bone  shows  a  band  of  lighter 

'  The  demonstration  of  spirochetes  in  such  cases  by  animal  inoculation  would 
be  of  no  value,  since  the  animals  were  known  to  have  a  generalized  infection 
capable  of  transmission  by  blood  inoculation. 
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shadow  in  the  position  of  the  epiphyseal  line.  8  days  later  (Fig.  18)  there  was  an 
epiphyseal  separation,  or  fracture,  which  followed  this  line  quite  closely.  Other 
examples  of  a  similar  character  were  also  seen. 

A  significant  feature  of  this  class  of  lesions  is  that  among  the  large 
number  of  animals,  infected  and  uninfected,  which  were  handled 
during  the  course  of  this  work,  with  one  possible  exception,  lesions 
of  this  type  occurred  only  in  animals  with  obvious  syphilitic  lesions 
of  other  bones  (note  metatarsals  in  Figs.  11  and  12).  It  may  be 
mentioned  also  that  definite  periosteal  lesions  of  the  anterior  end  of 
the  calcaneus  have  been  noted,  and  while  no  gross  destruction  of  bone 
was  detected  in  these  instances,  all  the  obscure  cases  of  necrosis  such 
as  that  in  Fig.  12  have  occurred  in  exactly  the  same  position  as  that 
occupied  by  the  periosteal  lesions. 

Histologically,  however,  the  extent  of  bone  involvement  always 
proved  to  be  greater  than  the  gross  appearance  would  indicate,  and 
bones  which  appeared  to  be  very  little  affected  in  the  gross  frequently 
proved  upon  histological  examination  to  be  honeycombed  by  the 
syphilitic  process.  Further  description  of  these  lesions  will  be  found 
below  in  the  section  on  the  histological  changes  obser\-ed  in  various 
types  of  bone  lesions. 

Lesions  of  Tendons  and  Tendon  Sheaths. — There  is  no  record  of  the 
occurrence  of  syphilitic  lesions  of  the  tendons  or  tendon  sheaths  of 
the  rabbit  so  far  as  we  are  aware,  and  the  number  observed  by  us 
was  comparatively  small. 

The  typical  lesion  in  cases  of  primary  tendon  involvement  was  a 
circumscribed  granulomatous  process  of  essentially  the  same  character 
as  that  of  the  periosteum,  and  with  a  few  exceptions  the  lesions  were 
located  in  the  tendo  achillis  or  its  sheath.  The  exceptions  noted 
were  small  multiple  lesions  involving  the  tendons  on  the  dorsum  of 
the  carpus  and  front  feet  and  the  dorsum  of  the  hind  feet.  Some  of 
these  were  not  recognized  until  the  animal  came  to  autopsy,  and  it 
is  possible  that  other  cases  of  a  similar  character  might  have  escaped 
our  notice. 

Secondary  involvement  of  tendons  and  ligaments  as  a  result  of 
direct  extension  of  lesions  originating  elsewhere  was  of  comparatively 
frequent  occurrence.    This  was  not  unusual  with  periosteal  lesions 
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about  the  carpus  and  tarsus  and  the  small  bones  of  the  feet,  and  with 
cutaneous  lesions  of  the  tail  and  lateral  surfaces  of  the  hind  feet. 
Fig.  2  furnishes  a  good  illustration  of  this  type  of  condition. 

Diffuse  Exudative  Reactions  Associated  with  Lesions  of  the  Bones. 

In  addition  to  the  lesions  described,  an  acute  exudative  reaction 
affecting  the  parts  immediately  surrounding  a  focus  of  bone  affection 
may  be  referred  to  briefly.  This  reaction  rarely  occurred  except  with 
lesions  of  the  tarsus  or  of  the  small  bones  of  the  feet.  In  cases  of  infec- 
tion of  the  metatarsals  and  the  phalanges,  there  was  frequently  an 
exudation  into  the  surrounding  tissues  which  was  composed  chiefly  of 
serum  with  a  few  leucocytes  and  polyblasts.  Such  reactions  occurred 
most  often  where  there  was  a  considerable  degree  of  bone  destruction. 

Similar  conditions  have  already  been  referred  to  in  connection  with 
lesions  of  the  tarsal  bones.  In  addition,  there  were  a  few  instances 
in  which  the  reaction  occurred  where  no  bone  lesion  was  demonstrable. 
The  inciting  factor  in  these  cases  is  not  known,  but  the  subsequent 
history  of  the  condition,  with  the  development  of  a  diffuse  fibrosis 
and  fixation  of  the  affected  parts,  suggests  the  possibility  of  an  involve- 
ment of  synovial  membranes  of  tendon  sheaths  and  joint  cavities. 
Histologically,  it  has  been  shown  that  the  pallidum  infection  may 
become  localized  in  such  structures,  but  whether  this  takes  place  by 
direct  extension  from  other  lesions  or  as  an  independent  focus  of  infec- 
tion is  as  yet  undetermined. 

Histology. 

Histologically,  the  details  of  the  pathological  process  concerned  in 
syphilitic  infections  of  the  bones  are  too  numerous  and  too  complex 
to  be  described  in  the  present  connection.  As  a  means  of  orientation, 
however,  it  seems  well  to  refer  briefly  to  certain  features  of  the  lesions 
found  during  active  stages  of  the  infection.  Three  fairly  well  defined 
groups  of  conditions  can  be  recognized:  (1)  a  granulomatous  process 
which  is  not  unlike  that  of  other  syphilitic  lesions;  (2)  a  condition 
which  is  characterized  chiefly  by  absorption  or  by  necrosis  and  dis- 
integration of  bone;  and  (3)  a  lesion  which  combines  the  processes 
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of  granulomatous  proliferation,  absorption,  and  necrosis  with  osseous 
overgrowth.  This  last  condition  will  not  be  considered  at  the  present 
time. 

The  granulomatous  lesions  usually  seen  in  cases  of  bone  sj^philis 
may  arise  from  any  part  of  the  bone  and  present  certain  structural 
peculiarities.  In  general,  they  are  composed  of  a  matrix  of  newly 
formed  connective  tissue  with  a  network  of  capillary  vessels;  there  are 
the  usual  polyblastic  infiltration  and  a  marked  tendency  on  the  part 
of  these  cells  to  assume  a  perivascular  arrangement.  Polynuclear 
giant  cells  are  also  present  and  are  frequently  very  numerous,  espe- 
cially where  marked  bone  destruction  occurs.  The  picture  presented 
in  these  cases  is  of  the  type  of  an  active  foreign  body  reaction  or  may 
even  suggest  that  of  the  so  called  giant  cell  osteosarcoma. 

When  the  lesion  arises  from  the  periosteum,  one  frequently  finds 
an  interesting  structural  arrangement  of  the  elements  which  partici- 
pate in  the  reaction  (Figs.  19  and  20).  There  are  two  or  three  distinct 
layers  which  correspond  roughly  with  structural  divisions  of  the 
periosteum.  There  is  first  an  outer  cellular  layer  which  is  composed 
of  loosely  arranged  connective  tissue  cells  and  polyblasts  occupying 
the  position  of  the  loose  areolar  tissue  covering  the  outer  surface  of 
the  periosteum  (Figs.  19  and  20).  Then  comes  a  denser  layer  of 
fibroblasts  which  contains  numerous  focal  and  perivascular  accumu- 
lations of  round  cells  and  corresponds  to  the  dense  fibrous  layer  of 
the  periosteum.  Finally,  either  as  a  part  of  this  second  stratum  or 
as  a  distinct  layer  in  itself,  there  is  a  zone  which  corresponds  with 
the  osteogenetic  layer  of  the  periosteum.  At  first,  this  is  composed 
of  a  row  of  giant  cells  (osteoclasts)  whose  processes  dip  downward 
into  the  bone,  and  a  small  amount  of  newly  formed  connective  tissue 
infiltrated  with  poh'blastic  cells.  This  is  the  osteoclastic  layer  of 
the  lesion  and  its  distinctive  elements,  the  osteoclasts,  are  derived 
from  the  osteoblasts  of  the  periosteum. 

The  composition  of  periosteal  lesions  differs  very  decidedly  in  differ- 
ent classes  of  bones.  Thus,  in  bones  which  are  preformed  in  mem- 
brane, such  as  the  nasal  bones,  a  two  layered  structure  prevails  (Fig. 
19).  This  is  composed  of  the  loose  outer  layer  and  a  highly  developed 
third  or  osteoclastic  layer,  while  the  second  or  fibrous  layer  is  usually 
absent  or  but  slightly  developed.     The  lesions  of  the  long  bones 


504  EXPERIMENTAL   SYPHILIS   IN   THE   RABBIT.      VI 

(cartilage  bones),  on  the  other  hand,  show  three  layers,  the  most 
highly  developed  of  which  is  the  middle  or  fibrous  layer.  In  addition, 
the  osteoclastic  layer  is  more  fibrous  and  shows  relatively  few  giant 
cells.  These  facts  are  of  importance  in  interpreting  the  pathological 
alterations  produced  in  different  classes  of  bones. 

The  growth  of  some  periosteal  lesions  is  marked  by  an  increase  in 
the  thickness  of  the  outer  layers,  of  others  by  a  peripheral  extension 
of  all  three  layers,  or  by  a  downward  growth  of  the  inner  layer.  In 
the  first  instance,  the  condition  produced  is  a  prominent  periosteal 
nodule,  or  granuloma,  in  the  second  a  diffuse  periostitis,  and  in  the 
third  marked  destruction  of  the  underlying  bone.  It  is  in  instances 
of  the  last  group  that  the  osteoclastic  layer  of  the  lesion  becomes  so 
highly  developed;  in  membrane  bones,  the  greater  part  of  the  lesion 
in  such  cases  presents  the  picture  of  the  giant  cell  granuloma,  but  this 
is  not  true  of  bones  which  are  preformed  in  cartilage. 

Lesions  arising  within  the  bone  show  essentially  the  same  compo- 
sition as  those  from  the  periosteum,  except  for  their  structural  arrange- 
ment, and  are,  therefore,  difficult  to  distinguish  from  them.  Endos- 
teal affections,  on  the  other  hand,  are  almost  devoid  of  fixed  con- 
nective tissue  elements.  They  are  composed  of  a  loosely  arranged 
stroma  which  is  thickly  infiltrated  with  polyblasts  and  contains  a  net- 
work of  capillary  vessels.  The  lesion  is,  therefore,  more  of  an  infil- 
trative than  of  a  granulomatous  process. 

The  alterations  observed  in  the  bone  itself  were  quite  variable.  In 
some  instances,  the  bone  presented  a  practically  normal  appearance 
except  for  the  presence  of  irregularities  or  a  honeycombing  of  the 
bone  due  to  gradual  absorption,  and  in  some,  even  small  fragments  of 
bone  showed  a  well  preserved  architecture  (Fig.  21).  Frequently,  how- 
ever, there  were  mass  necrosis  and  rapid  disintegration  of  bone  extending 
over  wide  areas.  The  picture  presented  in  these  cases  (Fig.  22)  was 
very  striking  and  consisted  of  necrosis  of  bone  corpuscles  and  reduc- 
tion of  the  ground  substance  to  a  thin  and  ragged  framework  of  granu- 
lar or  fibrillated  material  which  stained  very  faintly  if  at  all.  The  im- 
pression created  was  that  of  large  masses  of  bone  undergoing  solution, 
and  various  stages  in  the  process  could  be  traced  down  to  the  last 
shadowy  framework  of  fibers  and  granules  (Fig.  22). 
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Emphasis  may  be  placed  upon  these  processes  of  bone  destruction 
on  account  of  the  occurrence  of  similar  changes  in  portions  of  the 
bone  where  little  or  no  syphilitic  reaction  of  the  generally  accepted 
type  could  be  made  out.  This  was  especially  noticeable  in  the  lesions 
of  the  calcaneus  described  above.  There  were  two  forms  of  alteration 
to  be  noted.  In  one  group  of  cases,  the  alteration  consisted  of  a 
simple  bone  absorption  ^vith  reduction  in  the  density  and  the  volume 
of  the  bone;  in  a  second,  there  were  necrosis  and  disintegration. 

The  first  group  developed  by  widening  out  of  the  lacunae  and  of  the 
perivascular  spaces,  which  became  filled  with  a  loose  and  rather  cellu- 
lar connective  tissue.  The  compact  portion  of  long  bones  such  as 
metatarsals  and  phalanges  thus  tended  to  become  somewhat  cancel- 
lous in  structure,  while  the  cancellous  portion  of  the  bone  was  dis- 
tinctly reduced  in  amount.  As  a  result  of  these  changes,  there  were 
a  reduction  in  both  the  density  and  the  thickness  of  the  bones  and  a 
marked  enlargement  of  the  marrow  cavity.  Normally,  these  bones 
contain  some  cellular  marrow,  but  in  affections  of  the  type  described, 
there  were  not  only  bone  absorption  but  a  conversion  of  a  cellular 
(hemopoietic)  to  a  fatty  marrow  which,  in  some  cases,  was  complete. 

Mass  necrosis  of  portions  of  the  bone  which  were  apparently  not 
directly  involved  by  the  granulomatous  lesions  needs  no  further 
description  than  that  given  above. 

The  most  obvious  explanation  of  these  conditions  is  one  based  upon 
disturbed  nutrition.  There  is  little  doubt  that  the  primary  seat  of 
injury  in  all  syphilitic  processes  is  the  endothelial  cell,  and  while  those 
in  the  immediate  vicinity  of  active  syphilitic  lesions  suffer  more  than 
do  others,  it  appears  that  the  effects  of  the  toxic  products  which  are 
elaborated  may  reach  every  such  element  of  the  body.  Thus,  while 
the  smaller  vessels  in  the  immediate  vicinity  of  a  lesion  are  most 
affected,  it  would  seem  practically  certain  that  in  pronounced  cases 
of  syphilitic  infection,  the  entire  capillary  mechanism  is  subjected  to 
injury  the  degree  of  which  varies  with  the  individual  case. 

If  this  is  applied  to  the  bone  lesions  described,  both  the  absorption 
type  of  phenomenon  and  the  mass  necrosis  might  be  accounted  for 
upon  the  basis  of  a  reduction  in  the  blood  supply  due  to  capillary 
injury  in  the  first  case  and  to  a  more  extensive  vascular  injury  in  the 
second.     It  would  be  going  too  far  to  assume,  however,  that  other 
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factors  had  no  part  in  the  production  of  these  lesions,  but  the  reduc- 
tion of  blood  supply  due  to  vascular  injury  appears  to  be  the  simplest 
and  most  immediate  explanation  which  can  be  offered. 

The  fact  that  rarefication  and  necrosis  of  bone  are  not  necessarily 
parallel  with  the  size  or  extent  of  the  granulomatous  lesion  but  may 
occur  even  in  the  absence  of  any  marked  granulomatous  reaction  is 
of  considerable  importance,  and  the  obscure  cases  of  necrosis  and 
fracture  of  the  calcaneus  described  above  were  largely  due  to  this 
type  of  bone  lesion. 

Histologically,  small  granulomatous  lesions  which  resemble  those 
of  the  periosteum  or  endosteum  in  all  essential  respects  have  been 
found  in  the  synovial  membranes  of  joint  cavities,  notably  those  of 
the  tarsus  and  the  metatarsophalangeal  joints.  In  these  cases,  there 
was  infection  of  neighboring  parts,  and  involvement  of  the  joints 
appeared  to  have  taken  place  by  extension  from  adjacent  foci  of  infec- 
tion. While  it  appears  probable,  therefore,  that  primary  localiza- 
tion in  the  joint  may  occur,  this  has  not  as  yet  been  demonstrated. 

Gross  Alterations  in  the  Bones. 

Frequent  reference  has  been  made  above  to  various  types  of  bone 
injury  resulting  from  infection  of  the  periosteum  or  of  the  bone 
itself.  Before  concluding  the  description  of  this  group  of  lesions,  it 
seems  well,  however,  to  give  a  more  definite  statement  as  to  the 
gross  alterations  which  are  produced. 

Nasal  Bones  and  Splints. — The  most  marked  and  characteristic 
lesions  were  those  of  the  nasal  bones  and  splints.  The  effects  produced 
may  be  illustrated  by  the  series  of  photographs  reproduced  in  Figs. 
23  to  30.  These  photographs  were  taken  from  dried  skulls  and  are 
intended  to  show  alterations  produced  by  focal  and  diffuse  lesions 
during  active  stages  of  the  infection  as  well  as  the  results  of  repair. 

Focal  lesions  of  the  nasal  bones,  as  shown  in  Figs.  23  to  26,  may  produce  any- 
thing from  the  slightest  surface  erosion  or  roughening  to  a  complete  and  sharply 
circumscribed  defect  in  the  bone.  AU  of  the  group  here  shown  were  taken  toward 
the  end  of  the  infection  and  may  be  regarded,  therefore,  as  representing  the  maxi- 
mum of  bone  destruction  produced  in  each  instance.  In  Fig.  23,  there  was  only 
a  surface  erosion,  while  in  the  second  animal  of  the  series  (Figs.  24  and  25)  the 
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necrosis  extended  much  deeper,  forming  a  partial  defect  in  the  bone.  This  defect 
was  easily  recognizable  during  life,  and  at  autopsy  it  was  found  that  there  was 
little  left  of  the  bone  except  a  thin  layer  of  spongy  necrotic  fragments  loosely 
attached  to  the  underlying  membranes.  The  effect  produced  in  this  case  might 
be  compared  to  the  saddle-nose  deformity  of  man. 

The  lesion  involving  the  upper  right  nasal  and  the  maxUlary  process  of  the 
frontal  bone  in  Fig.  26  shows  complete  necrosis  and  removal  of  the  bone,  resulting 
in  the  formation  of  a  small  but  very  sharply  circumscribed  defect.  It  should  be 
stated  that  the  clean-cut  appearance  presented  by  this  lesion  was  probably  due 
to  the  fact  that  it  was  of  internal  rather  than  external  origin.  There  was  a  very 
slight  external  growth  in  this  case,  and  when  this  first  appeared,  necrosis  of  the 
bone  had  already  taken  place. 

The  conditions  represented  in  Figs.  27  and  28  differ  from  those  preceding  only 
in  that  they  represent  processes  of  a  more  diffuse  character,  which,  as  has  been 
e.xplained,  are  usually  more  destructive  in  their  effects. 

Figs.  29  and  30  represent  processes  of  repair.  The  lesion  in  Fig.  29  was  of  the 
same  type  as  that  in  Figs.  27  and  28,  but  led  to  complete  necrosis  of  a  large  part 
of  both  nasal  bones.  The  condition  here  shown  is  the  regeneration  effected  dur- 
ing a  period  of  about  7  weeks.  The  bones  were  considerably  thickened  through- 
out; in  the  upper  portion,  regeneration  was  very  imperfect,  and  while  the  bone 
towards  the  end  of  the  nose  was  of  a  decidedly  spongy  character,  it  was  much  more 
nearly  normal  than  that  above  and  the  probabihty  is  that  in  time  the  entire  area 
would  have  assumed  this  appearance. 

This  case  illustrates  a  remarkable  tendency  on  the  part  of  the  rabbit 
to  an  obliteration  of  the  marks  of  syphilitic  lesions  in  the  bones.  Small 
erosions  and  defects  of  the  nasal  bones  are  usually  repaired  so  as  to 
leave  little  if  any  evidence  of  the  previous  injury,  and  the  permanent 
alterations  produced  by  the  most  destructive  lesions  are  much  less 
than  one  might  expect.  This  evidence  usually  consists  of  a  thickened 
and  adherent  periosteum,  slight  irregularities  in  the  bone,  surface 
roughening  and  thickening  of  the  bone  (cf.  Figs.  6  and  7),  and  the 
presence  of  slight  depressions  or  bony  prominences.  The  last  con- 
ditions are  occasionally  fairly  well  marked,  as  indicated  by  the  node 
on  the  nasal  splint  in  Fig.  30. 

Anomalous  Condilions  of  the  Parietals  and  Occipitals. — Before  leav- 
ing this  phase  of  bone  syphilis,  attention  may  be  called  to  the  condi- 
tion of  the  parietal  and  occipital  bones  shown  in  Fig.  31.  The  cause 
of  this  condition  is  not  known,  but,  as  may  be  seen,  there  is  a  decided 
thickening  of  the  bones  which  are  very  porous  or  spongy  in  character. 
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Various  degrees  of  this  condition  have  been  obsen^ed  at  autopsy  in 
a  number  of  animals.  Most  of  them  were  instances  of  long  standing 
syphilitic  infection;  some  animals  were  in  excellent  physical  condition, 
while  others  showed  obvious  signs  of  malnutrition  for  which  no  cause 
could  be  found.  In  some,  the  bones  contained  an  abundant  red 
marrow;  in  others,  the  marrow  was  more  fatty  in  character. 

It  is,  of  course,  well  known  that  similar  changes  in  these  bones 
may  be  produced  through  the  development  of  an  anemia,  and  there 
is  at  present  no  reason  to  regard  the  processes  here  shown  as  the 
result  of  a  local  infection.  The  circumstances  suggest,  however, 
that  they  may  be  produced  in  response  to  a  systemic  condition 
resulting  from  the  s\^hilitic  infection. 

Ulna,  Radius,  and  Tibiofibular. — Many  of  the  long  bones  such  as 
the  ulna,  the  radius,  and  the  tibiofibular  show  little  alteration  in 
appearance  at  any  stage  of  the  infection.  Usually  there  was  no  more 
than  a  slight  roughening  of  the  surface  of  the  bone  with  either  an 
increase  or  a  decrease  in  thickness.  These  areas  also  showed  a  honey- 
combing of  the  bone,  but  the  apparent  alteration  was  always  less  than 
that  shown  by  microscopic  examination. 

The  tendency  was  also  towards  a  rapid  restoration  to  normal,  and 
bones  examined  a  few  months  after  the  lesion  had  resolved  showed 
little  if  any  abnormality. 

Metatarsals  and  Phalanges. — Gross  changes  in  the  metatarsals  and 
the  phalanges  were  more  marked.  During  the  active  stages  of  the 
infection,  there  were  usually  surface  erosion,  necrosis,  and  disintegra- 
tion, epiphyseal  separation,  or  fracture.  Less  often,  osseous  over- 
growth or  the  laying  down  of  considerable  masses  of  soft,  spongy 
bone  occurred,  while  the  lesion  was  still  actively  progressing  (Fig.  10). 

As  the  infection  subsided  and  the  injury  to  the  bone  was  repaired, 
various  abnormalities  were  obser\^ed.  These  consisted  of  changes  in 
the  form  of  the  bone,  surface  roughening,  and  honeycombing,  together 
with  irregular  reductions  or  increases  in  thickness  such  as  were  illus- 
trated for  the  nasal  bones.  Many  of  these  changes  appeared  to  be  of  a 
semipennanent  character.  The  abnormality  diminished  with  time, 
but  in  a  few  animals  which  were  held  for  observation,  marks  of  the 
previous  injury  were  still  recognizable  several  months  after  the 
infection  had  subsided. 
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Tarsus. — Deformities  of  the  tarsus  following  necrosis,  fracture,  or 
epiphyseal  separation  of  the  calcaneus  were  always  marked.  These 
conditions  invariably  led  to  excessive  bone  formation.  Necrosis  and 
disintegration  of  the  calcaneus  were  followed  by  the  formation  of  an 
irregular  granular  mass  of  bone  such  as  that  shown  in  Fig.  32.  The 
union  of  a  fracture  or  of  an  epiphyseal  separation,  on  the  other  hand, 
was  accomplished  by  the  laying  down  of  an  excessive  amount  of 
callus  and  the  formation  of  a  large  mass  of  spongy  bone  (Fig.  32). 
These  conditions  were  also  of  a  more  or  less  permanent  character. 
The  absorption  of  callus  and  the  reestablishment  of  compact  bone 
took  place  slowly — more  slowly  than  after  ordinary-  trauma. 

SUMMARY. 

From  a  study  of  a  series  of  rabbits  inoculated  with  two  old  strains 
of  Treponema  pallidum,  it  was  found  that  localized  infection  of  bones 
and  tendons  was  of  frequent  occurrence  and  led  to  the  formation  of  a 
variety  of  lesions. 

The  bones  usually  involved  were  those  of  the  face  and  the  feet  and 
legs.  Most  often  the  lesions  arose  from  the  periosteum  but  developed 
also  within  the  bone  or  marrow  ca\-ities  and  at  lines  of  epiphyseal 
union. 

Grossly,  the  periosteal  lesions  were  of  two  types — one  being  a  cir- 
cumscribed, indurated,  and  nodular  mass  and  the  other  a  process  of 
a  more  diffuse  character.  Histologically,  the  lesions  presented  the 
typical  appearance  of  sj-philitic  granulomata  composed  of  more  or 
less  distinct  layers  which  corresponded  roughly  with  structural  divi- 
sions of  the  periosteum.  The  composition  of  lesions  of  membrane 
and  of  cartilage  bones  differed  somewhat  in  this  respect,  especially 
in  the  development  of  an  osteoclastic  layer.  Invasion  of  the  bone 
with  absorption  and  necrosis  were  constant  features  of  periosteal 
affections  and  were  most  marked  in  the  case  of  the  facial  bones  and 
the  small  bones  of  the  feet. 

Lesions  in  the  bone  and  marrow  ca\'ities  were  detected  chiefly  by 
radiographs  or  by  the  occurrence  of  bone  destruction  in  the  absence 
of  periosteal  involvement.  They  were  characterized  by  a  loss  of 
structural  detail  in  the  bone,  rarefication,  increased  fragility,  necrosis, 
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pathological  fracture,  and  epiphyseal  separation  associated  with  more 
or  less  granulomatous  reaction.  Histologically,  the  bone  lesions  pre- 
sented essentially  the  same  picture  as  those  of  the  periosteum,  while 
the  lesions  which  arose  from  the  marrow  cavities  were  composed 
chiefly  of  polyblastic  infiltrations.  In  this  group  of  affections,  the 
most  important  were  those  which  developed  at  the  epiphyses. 

The  destructive  efTects  produced  by  all  classes  of  lesions  varied 
from  a  slight  surface  erosion  or  raretication  to  extensive  necrosis 
resulting  in  the  formation  of  bony  defects  or  in  disintegration  or  frac- 
ture of  the  bone.  These  conditions  differed  very  decidedly  with  the 
particular  bones  involved. 

Of  especial  importance  in  this  connection  was  the  occurrence  of  a 
peculiar  form  of  mass  necrosis  which  at  times  resulted  in  the  destruc- 
tion of  considerable  areas  of  bone  even  in  parts  where  the  granulo- 
matous type  of  lesion  was  comparatively  slight.  The  most  charac- 
teristic injuries  were  the  saddle-nose  deformities  and  the  epiphyseal 
separation  in  the  small  bones  of  the  tarsus  and  hind  feet. 

The  marks  of  permanent  injury  were,  on  the  whole,  comparatively 
slight,  but  they  also  differed  both  with  the  degree  of  the  original  injury 
and  with  the  bone  affected. 

Granulomatous  lesions  of  tendons  or  tendon  sheaths  were  occa- 
sionally seen,  and  in  a  few  instances,  lesions  of  synovial  ca\dties  were 
demonstrated  microscopically. 
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EXPLANATION  OF  PLATES. 

The  photographs  and  radiographs  represent  the  objects  at  their  natural  size. 
None  of  the  illustrations  has  been  retouched.  Statements  of  time,  unless  other- 
wise indicated,  are  estimated  from  the  date  of  inoculation. 

Plate  52. 

Figs.  1  to  7.  Nodular  and  diffuse  periostitis. 

Fig.  1 .  74  days.  Typical  periosteal  granulomata  of  the  nasal  bones,  growth 
tending  to  be  upward  rather  than  inward. 

Fig.  2.  123  days.  Periosteal  granuloma  on  the  shaft  of  the  fifth  metatarsal 
and  involving  the  tendons  of  the  dorsum  of  the  foot.  The  cut  surface  shows  irreg- 
ular miliary  areas  of  necrosis. 

Fig.  3.  137  days.  Periosteal  granulomata  of  the  tibiofibular,  the  fifth  meta- 
tarsal, and  the  phalanges.  The  lesion  of  the  tibiofibular  shows  a  central  area  of 
necrosis  with  softening  and  a  motthng  due  to  congestion  and  hemorrhage. 

Fig.  4.  84  days.     Multiple  periosteal  lesions  of  the  nasal  bones. 

Fig.  S.  The  same  specimen  with  the  periosteum  dissected  back.  The  lesion 
on  the  upper  part  of  the  nasal  bone  is  of  slight  e.xtent  and  shows  only  a  surface 
erosion  of  the  bone;  that  over  the  bridge  of  the  nose  is  composed  chiefly  of  an 
osteoclastic  growth,  and  there  are  complete  necrosis  and  absorption  of  the  bone 
in  this  area. 

Fig.  6.  2  years  and  5  months.  Chronic  fibrous  periostitis  of  the  nasal  bones 
of  a  diffuse  type.  The  main  lesions  appear  as  bulbous  masses  at  the  end  of  the 
nose. 

Fig.  7.  The  same  preparation  with  the  periosteum  removed  from  the  left  side. 
There  is  an  irregular  thickening  of  the  bone  which  is  most  evident  in  the  lower 
third,  and  the  periosteum  was  firmly  adherent  at  many  points.  Note  also  the 
irregularity  of  the  end  of  the  nasal  bone. 

Plate  S3. 

Figs.  8  and  9.  Photomicrographs  of  periosteal  and  endosteal  granulomata. 

Fig.  8.  48  days.  Cross-section  of  nasal  bone  showing  periosteal  and  perichon- 
drial  lesion  arising  from  the  inner  side  of  the  bone  and  working  its  way  outward. 
The  external  coverings  of  the  bone  are  normal.     X  95. 

Fig.  9.  89  days.  Proximal  end  of  the  fifth  metatarsal.  The  photograph  shows 
a  combination  of  lesions,  the  chief  one  being  a  granulomatous  nodule  in  the 
marrow  cavity;  there  is  a  distinct  widening  of  this  part  of  the  cavity.  Lesions 
are  also  seen  in  the  bone  and  on  both  periosteal  surfaces.     X  30. 

Plate  54. 

Fig.  10.  89  days.  An  epiphyseal  lesion  of  the  distal  end  of  the  fifth  metatarsal. 
There  has  been  a  separation  of  the  epiphysis  which  apparently  took  place  in  the 
directions  indicated  by  the  arrows.    At  the  time  represented  in  the  photograph, 
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this  lesion  was  in  process  of  repair  but  there  was  an  active  syphilitic  granuloma 
in  the  epiphysis.  A  periostitis  is  also  seen  to  be  present  and  there  is  an  extension 
of  the  infection  to  the  sjTiovial  membranes  lining  the  joint  cavity.     X  30. 

Plate  55. 

Figs.  11  to  14.  Radiographs  of  lesions  developing  within  the  bones. 

Fig.  11.  119  days.  The  rarefication  seen  at  a  and  b  was  due  to  osteitis  of  the 
shaft  and  proximal  end  of  the  metatarsals.  The  deformity  of  the  tarsus  at  c 
was  due  to  necrosis  of  the  calcaneus. 

Fig.  12.  163  days.  Necrosis  of  the  anterior  end  of  the  right  calcaneus  (marked 
by  arrow).  There  were  lesions  also  at  the  proximal  ends  of  both  lateral  meta- 
tarsals (marked  by  arrows). 

Fig.  13.  77  days.  Pathological  fracture  of  the  middle  of  the  calcaneus  with 
effusion  into  the  tissues. 

Fig.  14.  73  days.  Epiphyseal  separation  of  the  right  calcaneus.  The  left 
calcaneus  also  shows  some  degree  of  abnormality  which  is  indicated  chiefly  by 
the  thickening  of  the  upper  surface  of  the  bone  toward  its  posterior  extremity. 
Normally  the  shadow  of  this  portion  of  the  bone  forms  a  straight  line  (cf.  other 
radiographs). 

Plate  56. 

Figs.  IS  to  18.  Radiographs  sho'sving  lesions  of  the  bone. 

Figs.  15  and  16.  Successive  stages  in  the  development  of  a  lesion  of  the  right 
calcaneus.  Fig.  15  (85  days)  shows  a  peculiar  defect  in  the  lower  portion  of  the 
calcaneus  which  is  marked  by  an  arrow.  The  left  calcaneus  is  normal.  Fig.  16, 
which  was  taken  19  days  later,  shows  an  outspoken  deformity  of  the  right  cal- 
caneus. This  was  due  in  part  to  a  dropping  of  the  arch  from  involvement  of  the 
ligaments  and  in  part  to  necrosis  of  the  calcaneus,  the  talus  becoming  embedded 
in  its  substance.    Note  the  relative  position  of  the  talus  in  Figs.  15  and  16. 

Figs.  17  and  18.  Stages  in  the  development  of  an  epiphyseal  separation.  In 
Fig.  17  (77  days)  there  is  a  broad  band  of  rarefication  at  the  epiphyseal  Une  of 
the  right  calcaneus  (marked  by  arrow)  and  a  suggestion  of  a  separation  is  seen 
at  the  top  of  this  line.  The  posterior  end  of  the  left  calcaneus  also  shows  a  nar- 
rowing of  the  neck  which  is  abnormal.  Fig.  18,  taken  8  da}."s  later,  shows  a  sep- 
aration of  the  epiphysis  of  the  right  calcaneus  which  followed  the  line  indicated 
in  Fig.  17. 

Plate  57. 

Figs.  19  and  20.  Photomicrographs  showing  characteristic  periosteal  lesions 
of  membrane  and  cartilage  bone. 

Fig.  19.  60  days.  Periostitis  of  the  nasal  bone  showing  an  outer  cellular 
layer  and  an  mner  osteoclastic  layer.  The  cellular  layer  is  composed  chiefly  of 
fibroblasts  with  a  moderate  degree  of  polyblastic  infiltration.  It  is  also  quite 
vascular.  The  osteoclastic  layer  is  composed  of  fibroblasts  and  polyblasts  together 
with  a  large  number  of  osteoclastic  cells.     X  95. 
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Fig.  20.  77  days.  Periostitis  of  the  metatarsal.  The  lesion  shows  three  dis- 
tinct layers  which  present  much  the  same  general  appearance.  The  two  outer 
layers  show  a  considerable  degree  of  polyblastic  infiltration;  they  are  more  vascu- 
lar than  the  inner  layer  and  the  vessels  show  well  marked  endarteritis.  The  osteo- 
clastic layer  is  but  sUghtly  developed;  it  is  largely  fibrous  in  character  and  contains 
very  few  osteoclasts.     X  95. 

Plate  58. 

Figs.  21  and  22.  Photomicrographs,  taken  from  the  nasal  bone,  showing  dif- 
ferent types  of  bone  destruction. 

Fig.  21.  60  days.  Necrosis  and  absorption  of  bone  accomplished  chiefly  by 
surface  action.  Note  the  wave  lines  in  the  bone,  the  preservation  of  architecture, 
and  the  survival  of  bone  corpuscles.     X  135. 

Fig.  22.  100  days.  Mass  necrosis  with  rapid  disintegration  of  bone — a  type 
of  lesion  frequently  observed  in  cases  of  marked  bone  destruction  as  it  occurs  in 
an  acutely  progressive  process.     X  135. 

Plate  59. 

Figs.  23  to  26.  Photographs  of  dried  preparations  showing  the  maximum  bone 
injury  produced  by  various  types  of  lesions. 

Fig  23.  121  days.  Surface  erosion  of  the  nasal  bones  produced  by  a  large 
periosteal  granuloma,  the  growth  of  which  was  mostly  in  the  outer  layers. 

Fig.  24.  118  days.  Necrosis  of  the  nasal  bones  with  the  production  of  saddle- 
nose  deformity  due  to  an  invasive  periosteal  lesion. 

Fig.  25.  The  same  specimen  viewed  from  the  side. 

Fig.  26.  124  days.  A  defect  of  the  right  nasal  bone  produced  by  a  lesion  aris- 
ing from  the  inner  side  of  the  bone.  There  was  only  a  suggestion  of  periosteal 
thickening  in  this  area. 

Plate  60. 

Figs.  27  to  33.  Bone  lesions  and  the  deformities  produced  in  the  process  of 
repair. 

Fig.  27.  123  days.  A  widespread  necrosis  of  the  nasal  bones  resulting  from  a 
diffuse  periostitis  which  produced  only  a  slight  palpable  thickening  over  the  sur- 
face of  the  bone. 

Fig.  28.  137  days.  Similar  lesion  viewed  from  the  side.  Note  especially  the 
destruction  of  the  margin  of  the  bone,  the  involvement  of  the  lateral  splints,  and 
extension  of  the  lesion  to  the  prema.xilla. 

Fig.  29.  121  days.  An  imperfect  regeneration  of  the  nasal  bones  following 
almost  complete  necrosis  of  the  areas  involved.  In  the  upper  portion  of  the  right 
nasal,  the  bone  is  very  irregular,  while  below  it  is  comparatively  smooth  but 
considerably  thickened,  and  a  defect  is  still  present  in  this  part  of  the  bone. 


514  EXPERIMENTAL  SYPHILIS  IN  THE  RABBIT.      VI 

Fig.  30.  130  days.  An  osteophytic  node  at  the  point  of  union  of  the  frontal 
process  of  the  premaxilla  and  the  ma.xillary  process  of  the  frontal  bone  (nasal 
splints),  illustrating  a  tendency  of  syphilitic  lesions  to  become  localized  at  points 
of  bony  union. 

Fig.  31.  342  days.  A  thickened  spong>'  condition  of  the  parietal  and  occipital 
bones  occurring  late  in  the  course  of  a  generalized  infection.  The  exact  cause  of 
the  condition  is  not  known. 

Fig.  32.  126  days.  A  deformity  of  the  tarsus  resulting  from  necrosis  of  the 
calcaneus.    This  bone  is  considerably  thickened  and  extremely  irregular. 

Fig.  33.  126  days.  A  deformity  produced  by  an  epiphyseal  separation  of  the 
calcaneus.  The  original  lesion  healed  with  the  formation  of  a  large  mass  of 
callus  about  the  posterior  end  of  the  calcaneus  and  the  separated  epiphysis. 
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EXPERIMENTAL   SYPHILIS   IN  THE  RABBIT. 

VI.    Affections  of  Bone,  Cartilage,  Tendons,  and  Synovial 

Membranes. 

Part  2.    Clinical  Aspects  of  Syphilis  of  the  Skeletal  System. 

Affections  of  the  Facial  and  Cranial  Bones  and 

the  Bones  of  the  Forearm. 

By  WADE  H.  BROWN,  M.D.,  and  LOUISE  PEARCE,  M.D.,  and  WILLIAM  D. 
WITHERBEE,  M.D.,  Roentgenologist. 

{From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

Plates  61  to  66. 
(Received  for  publication,  January  31,  1921.) 

Syphilitic  affections  of  the  skeletal  system  were  described  in  the 
preceding  paper  (1)  from  the  standpoint  of  the  pathological  process, 
and  it  is  the  purpose  of  this  paper  to  correlate  these  changes  with 
clinical  manifestations  of  the  disease.  This  phase  of  experimental 
sjTshilis  is  of  unusual  importance  on  account  of  the  widespread  and 
frequently  obscure  nature  of  the  infection.  The  subject  will  be  dealt 
with,  therefore,  in  somewhat  greater  detail  than  other  groups  of  affec- 
tions with  the  belief  that  the  facts  presented  have  an  important  bear- 
ing upon  latent  or  obscure  infections  in  the  human  subject  and  espe- 
cially upon  congenital  forms  of  the  disease. 

The  conditions  to  be  described  are  numerous  and  it  will  be  neces- 
sary to  divide  the  material  into  two  papers,  the  first  of  which  will  deal 
with  affections  of  the  facial  and  cranial  bones  and  the  bones  of  the 
forearm.  The  remaining  subjects  will  be  considered  in  the  second 
paper. 

Parts  Involved  and  Character  of  the  Affection. 

'  The  most  obvious  affections  of  the  skeletal  system  were  those  of 
the  face  and  of  the  feet  and  legs,  but  lesions  were  also  found  in  many 
other  parts  of  the  body,  such  as  the  cranial  bones,  the  cervical  and 
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caudal  vertebrae,  the  ribs,  and  the  sternum.  The  proportion  of  focal 
infections  which  gave  rise  to  clinical  signs  of  disease  cannot  be  esti- 
mated, but  it  seems  probable  that  many  obscure  infections  occurred 
which  did  not  give  rise  to  any  obvious  abnormality. 

Bone  infection  was  recognized  in  general  by  the  development  of 
visible  or  palpable  enlargements  over  the  surface  of  the  bones,  or,  in 
the  absence  of  these,  by  rarefication  and  the  loss  of  structural  detail 
as  indicated  by  the  radiograph,  and  eventually  by  necrosis  and  dis- 
integration of  the  bone.  The  skin  over  the  lesion  was  freely  movable, 
while  the  nodular  mass  was  firmly  attached  to  the  underlying  bone. 
In  rare  instances,  the  skin  might  become  adherent,  but  it  is  worthy 
of  note  that  necrosis  and  ulceration  of  the  skin  were  never  observed 
in  connection  with  lesions  of  either  tendons  or  bones,  with  the  excep- 
tion of  the  phalanges.  The  diagnosis  of  these  conditions  as  syphilitic 
affections  was  readily  made  by  the  demonstration  of  spirochetes  in 
the  lesions. 

These  were  the  general  characteristics  presented  by  all  classes  of 
bone  infections,  but  the  details  of  the  processes  as  they  occurred  in 
different  parts  of  the  body  were  subject  to  considerable  variation. 

Facial  and  Cranial  Bones  and  Cartilages. 

Judged  upon  the  basis  of  the  occurrence  of  lesions  which  were 
sufficiently  pronounced  to  be  detected  by  ordinary  methods  of  exami- 
nation, the  facial  bones  were  more  often  the  seat  of  syphihtic  affec- 
tions than  those  of  any  other  part  of  the  body,  with  the  possible  excep- 
tion of  the  hind  feet  and  legs.  The  bones  usually  involved  were  the 
nasals,  the  two  lateral  splints  composed  of  the  frontal  process  of  the 
premaxilla  and  the  maxillarj^  process  of  the  frontal,  the  turbinates, 
and  to  a  lesser  extent  the  maxillae,  the  premaxilla,  and  the  frontal 
eminences.  These  bones  lie  immediately  around  the  nasomaxillary 
fossa,  and,  with  few  exceptions,  the  lesions  of  the  facial  area  were 
confined  to  the  region  of  this  fossa  and  the  bridge  and  sides  of  the  nose. 
The  most  frequent  locations  were  the  bridge  of  the  nose,  the  end  of 
the  nose,  and  the  bony  ridge  extending  from  the  naso-orbital  angle 
along  the  sides  of  the  nose,  while  young  animals  in  particular  showed 
a  marked  tendency  to  localization  at  the  point  of  union  of  the  frontal 
and  maxillary  processes. 
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The  appearance  presented  by  animals  with  well  marked  facial  lesions  of  vari- 
ous t>'pes  is  shown  in  Figs.  1  to  7,  11,  and  15.  Fig.  1  represents  a  very  common 
type  of  deformity  due  to  a  sharply  circumscribed  periosteal  lesion  on  the  bridge 
of  the  nose.  Fig.  2  is  a  more  pronounced  condition  of  a  similar  character  which 
involved  the  lower  two-thirds  of  the  nasal  bones  and  the  lateral  splints  and 
extended  well  down  on  the  premaxilla.'  The  profile  of  the  animal  shows  a  grad- 
ual curve  extending  from  just  below  the  level  of  the  eyes  to  the  tip  of  the  nose, 
the  deformity  being  less  abrupt  than  that  in  the  preceding  case,  and  hence  not 
so  noticeable  at  first. 

A  less  common  affection  is  that  illustrated  in  Fig.  3.  This  was  a  multinodular 
lesion  of  the  lower  portion  of  the  nasal  bones  and  cartilages  and  was  the  most 
pronounced  case  of  its  kind  which  occurred  in  our  series  of  animals,  measuring 
1.85  by  1.7  by  1.2  cm. 

Another  unusual  type  which  was  associated  with  a  marked  alteration  of  the 
profile  is  that  shown  in  Fig.  4.  The  prominence  seen  above  the  eye  of  this  animal 
was  due  to  a  large  periosteal  granuloma  involving  the  supraorbital  portion  of  the 
frontal  bone.    This  process  was  bilateral. 

The  visible  deformity  in  all  these  animals  was  quite  apparent,  but 
there  were  many  instances  in  which  little  or  no  visible  alteration  in 
contour  could  be  detected  either  on  account  of  the  size  and  form  of 
the  lesion  or  its  location.  This  was  especially  true  when  the  sides 
of  the  nose  and  the  region  of  the  nasomaxillary  fossa  were  involved. 
Photographic  reproduction  of  even  large  lesions  in  these  locations 
was  found  to  be  extremely  difficult.  This  class  of  affections  is  illus- 
trated by  two  animals  (Figs.  5  and  6)  both  of  which  represent  very 
common  types  of  facial  involvement. 

The  lesions  of  the  animal  in  Fig.  5  consisted  of  a  multinodular  mass  which 
extended  downward  along  the  bony  ridge  at  the  sides  of  the  nose  from  the  region 
of  the  naso-orbital  angle  and  then  across  the  bridge  of  the  nose.  They  were  quite 
large  and  yet  very  little  of  the  lateral  deformity  could  be  seen  until  the  hair  was 
clipped,  disclosing  the  marked  increase  in  breadth  or  fullness  of  the  midnasal 
region  which  is  fairly  well  shown  in  the  photograph. 

In  Fig.  6,  there  is  a  large,  flat,  and  slightly  oval  lesion  covering  the  upper  half 
of  the  right  nasal  bone  and  extending  well  back  over  the  nasomaxillary  fossa. 
It  measured  more  than  0.5  cm.  at  its  center  (determined  after  resection),  and  yet 
no  deformity  of  the  face  was  apparent  until  the  hair  was  removed. 

In  like  manner,  the  symmetrical  deformity  produced  by  many  bilat- 
eral lesions  was  even  less  evident  than  that  of  unilateral  affections, 

'  See  Brown,  Pearce,  and  Witherbee  (1),  Fig.  28. 
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especially  in  the  naso-orbital  angles  or  along  the  upper  portions  of 
the  nasal  splints,  which  are  frequently  involved.  The  appearance 
presented  in  the  majority  of  these  cases  was  merely  that  of  a  fullness 
between  the  eyes  or  of  a  slight  prominence  in  the  naso-orbital  curve. 

Facial  abnormalities  were  more  apparent  with  periosteal  lesions 
arising  from  the  outer  surface  of  the  bones  than  with  other  forms  of 
bone  involvement,  unless  the  lesions  extended  to  the  outer  surface, 
in  which  case  they  frequently  assumed  an  appearance  similar  to  the 
conditions  described. 

The  extent  of  the  process  and  the  damage  produced  by  infections 
of  the  facial  bones  bore  no  particular  relation  to  the  size  of  the  external 
growth.  These  changes  could  be  gauged  by  palpation,  by  sounding 
the  lesion  with  a  pointed  instrument,  or  by  radiographs.  The  informa- 
tion to  be  derived  from  the  use  of  the  latter  method  of  investigation 
may  be  illustrated  by  a  series  of  animals  in  which  the  appearance 
of  the  lesion,  the  radiograph,  and  the  bone  specimen  are  compared 
(Figs.  7  to  16). 

The  first  animal  in  tiiis  series  had  a  marked  diffuse  periostitis  of  the  nasal 
bones  which  produced  a  typical  Roman  nose  deformity  (Fig.  7).  By  palpation, 
it  was  found  that  the  entire  lower  portion  of  the  bone  gave  beneath  the  finger,  and 
a  radiograph  taken  at  this  time  (Fig.  8)  showed  complete  destruction  of  the  mid- 
area  of  the  nasal  bones  together  with  some  clouding  and  loss  of  architecture  in 
adjacent  parts  of  the  bone.  After  about  2  weeks,  the  lesion  began  to  subside 
and  regeneration  of  the  bone  could  be  detected.  At  the  end  of  6  weeks,  a  second 
radiograph  (Fig.  9)  showed  a  marked  but  irregular  thickening  of  the  nasal  bones 
and  an  absence  of  the  usual  architecture.  There  was  also  a  bony  mass  extending 
below  the  level  of  the  nasal  bones.  The  actual  condition  existing  is  shown  by 
Fig.  10  which  is  a  photograph  of  the  dried  skull. 

A  second,  more  significant  case  is  illustrated  in  Figs.  11  to  14.  This  was  an 
instance  of  diffuse  periostitis  which  produced  very  little  facial  deformity.  A 
slight  thickening  could  be  made  out  over  the  bridge  and  lower  portion  of  the 
nose  and  a  defect  could  be  detected  along  the  sides  of  the  nasal  bones  near  the 
end  of  the  nose.  The  radiograph  of  these  lesions  showed  very  plaiiJy  that  there 
was  some  bone  destruction  as  indicated  by  the  ragged  appearance  and  the  thin- 
ning out  of  the  under  side  of  the  shadow  near  the  end  of  the  nose  (c/.  Fig.  13 
which  shows  the  normal  appearance).  The  fine  lines  of  shadow  produced  by  the 
turbinates  were  also  blurred,  and  there  were  clouding  and  loss  of  architecture 
throughout  most  of  the  nasal  bone.  When  these  findings  were  compared  with 
the  autopsy  specimen  (Fig.  14),  it  was  found  that  the  destruction  was  somewhat 
greater  than  might  have  been  imagined  from  the  radiograph. 
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The  late  effects  following  repair  in  a  simOar  case  of  diffuse  periostitis  are  shown 
in  Figs.  15  and  16.  In  this  animal,  there  was  a  permanent  enlargement  of  the 
end  of  the  nose  (Fig.  15)  due  in  part  to  a  fibrous  thickening  of  the  periosteum 
and  in  part  to  a  thickening  of  the  nasal  bones  as  shown  in  Fig.  16.  The  condition 
had  existed  for  upwards  of  2  years. 

Infections  arising  from  the  interior  of  the  nose  were  characterized 
clinically  by  one  or  more  of  three  conditions:  the  presence  of  a  nasal 
discharge  containing  spirochetes,  necrosis  of  the  outer  covering  of 
bone,  and  finally,  the  development  of  external  granulomatous  lesions. 
Few  of  these  infections  have  been  recognized  clinically  and  our  knowl- 
edge of  them  is  mostly  that  of  autopsy  findings.  Involvement  of  both 
the  nasals  and  the  turbinates  has  been  demonstrated  in  this  way,  but 
it  will  be  seen  at  once  that  in  the  absence  of  any  external  lesion,  there 
is  no  simple  method  of  recognizing  affections  of  this  class  or  of  differ- 
entiating them  from  affections  of  the  mucous  membranes.  It  is  not 
improbable,  therefore,  that  many  internal  lesions  may  escape  detec- 
tion and  that  many  instances  of  nasal  discharges  containing  spiro- 
chetes and  of  obstructive  phenomena  of  the  nasal  passages  are  refer- 
able to  bone  infection  rather  than  to  primary  infection  of  the  mucous 
membranes.  This  supposition  is  supported  by  abundant  pathological 
evidence. 

The  probability  of  the  occurrence  of  lesions  other  than  those 
described  must  not  be  overlooked.  Several  instances  of  peculiar 
thickening  of  the  frontal  and  parietal  bones  of  rabbits  with  generalized 
syphilis  have  been  noted,  and  there  was  one  animal  with  a  marked 
mandibular  affection.  These  lesions  were  all  inactive,  and  there  was 
nothing  present  which  would  enable  one  to  determine  their  cause  with 
certainty.  However,  a  case  of  necrosis  of  an  occipital  condyle  was 
observed,  in  which  the  infection  was  still  active.  The  circumstances 
in  this  case  will  be  given  later  (2).- 

The  points  of  especial  interest  in  connection  with  syphiUs  of  the 
facial  bones  are  the  frequency,  the  location,  and  the  destructiveness 
of  the  lesions.  It  is  also  important  to  note  the  close  analogy  which 
exists  between  certain  of  the  nasal  and  supraorbital  affections  of  the 
experimental  animal  and  those  of  man,  especially  in  the  congenital 
form  of  the  disease. 

*  Brown,  Pearce,  and  Witherbee  (2),  p.  531. 
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Forearms. 

Bone  affections  of  the  anterior  extremities  of  the  rabbit  were,  with 
one  exception,  represented  by  a  periostitis  involving  the  distal  ends 
of  the  ulna  and  ra<lius.  The  majority  were  situated  on  the  extensor 
surfaces  at  or  near  the  epiphyseal  line,  with  an  occasional  lesion  at  a 
slightly  higher  level. 

This  type  was  of  comparatively  common  occurrence.  As  a  rule, 
the  lesions  were  rather  small  and  with  the  fur  intact  produced  little 
or  no  alteration  in  the  appearance  of  the  affected  part  but  were  easily 
detected  by  palpation.  Normally,  the  extensor  surface  of  the  fore- 
arm is  either  perfectly  smooth  or  is  marked  by  small  cross  ridges  and 
angular  projections  at  the  epiphyseal  lines  and  the  heads  of  the  radius 
and  ulna  respectively.  WTien  lesions  develop  at  these  points,  oval 
or  rounded  nodules  are  formed  which  are  very  readily  felt  on  examina- 
tion and  can  be  seen  after  removal  of  the  hair. 

A  typical  case  of  bilateral  involvement  of  both  ulna  and  radius  is  shown  in 
Fig.  17  (cf.  Fig.  18  in  which  the  left  forearm  is  normal).  Three  of  the  four  nodes 
present  were  distinctl>'  rounded,  while  that  on  the  right  radius  was  more  oval 
and  covered  a  greater  area  of  the  bone. 

A  second  type  of  affection  which  was  frequently  encountered  is  that  seen  in 
Fig.  18.  In  this  instance,  there  was  only  one  lesion,  which  formed  a  rather  large 
oval  mass  on  the  right  ulna  just  above  the  carpus. 

In  exceptional  instances,  the  lesions  of  these  bones  were  much  more  marked 
than  those  described  and  produced  ven,'  striking  deformities,  as  in  Figs.  19  and 
20.  This,  again,  was  a  bilateral  affection  of  both  the  ulna  and  the  radius.  As 
may  be  seen  from  Fig.  20,  the  lesion  of  the  ulna  was  ver>'  sharply  demarcated  and 
raised  abruptly  from  the  surface  of  the  bone,  while  that  of  the  radius  was  more 
diffuse  and  resulted  in  extensive  necrosis  of  the  distal  end  of  the  bone. 

A  second  case  of  an  even  more  marked  character  is  illustrated  in  Figs.  21  and 
22.  This  was  a  large  oval  lesion  which  arose  from  the  ulna  but  extended  to  the 
radius  by  way  of  the  interosseous  membrane.  It  was  one  of  the  few  instances 
in  which  definite  necrosis  of  the  bones  of  the  forearm  could  be  made  out  clinically. 
As  shown  in  the  accompanying  radiograph  (Fig.  22),  there  was  necrosis  of  the 
lower  end  of  the  ulna  as  well  as  the  contiguous  margins  of  both  the  ulna  and  the 
radius.  The  lesion  was  of  very  rapid  growth,  reaching  the  stage  shown  within 
9  days  after  it  first  appeared.  The  tissues  surrounding  it  were  of  a  violet-red 
color,  and  there  was  a  pronounced  edema  of  both  the  skin  and  subcutaneous  tissues. 
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In  addition  to  the  affections  described,  mention  may  be  made  of 
an  enlargement  of  the  carpus,  which  was  followed  by  a  permanent 
deformity  occurring  among  the  first  animals  of  our  series,  but  the 
methods  then  in  use  were  not  sufficiently  developed  to  enable  us  to 
determine  the  nature  of  this  condition.  From  the  circumstances,  it 
seems  probable,  however,  that  this  might  have  been  due  to  sj-philitic 
infection.     No  other  case  of  the  kind  has  come  under  our  observation. 

The  examples  of  periostitis  of  the  ulna  and  radius  which  have  been 
cited  were  cases  in  which  there  was  not  more  than  one  lesion  on  each 
bone.  Multiple  lesions  of  one  or  both  bones  were  occasionally  seen, 
but  they  were  usually  small.  In  many  instances,  only  one  forearm 
was  affected,  but  more  often  the  involvement  was  bilateral  and  sym- 
metrical. 

It  was  a  notable  feature  of  this  group  of  lesions  that  they  rarely 
led  to  extensive  necrosis.  Grossly,  the  surface  of  the  bone  was  eroded 
or  roughened,  and  obliteration  or  widening  of  the  epiphyseal  line 
could  be  demonstrated  by  use  of  x-rays.  Similarly,  when  the  lesion 
healed,  the  bone  might  show  a  slight  roughening  or  increase  in  thick- 
ness with  a  few  tiny  nodes  (see  lateral  margin  of  the  ulna  in  Fig.  22), 
but  rarely  was  there  any  considerable  deviation  from  the  normal. 
Microscopic  examination  showed,  however,  that  the  syphilitic  process 
frequently  extended  through  the  entire  thickness  of  the  bone  and  that 
the  effect  produced  was  in  general  much  greater  than  gross  appear- 
ances would  indicate. 

Other  aspects  of  the  subject  of  syphilis  of  the  skeletal  system  will 
be  presented  in  Part  3  of  this  paper  (2). 
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EXPLANATION  OF  PLATES. 

All  illustrations  are  reproductions  of  photographs  or  radiographs  which  have 
not  been  retouched  and  represent  objects  at  their  natural  size.  Statements  of 
time  are  estimated  from  the  date  of  inoculation  unless  otherwise  indicated. 

Figs.  1  to  6.  Appearance  presented  by  animals  with  syphilitic  affections  of 
the  facial  and  cranial  bones. 

Plate  61. 

Fig.  1.  146  days.    Nodular  periostitis,  bridge  of  the  nose. 

Fig.  2.  105  days.  Marked  diffuse  periostitis  of  the  lower  two-thirds  of  the 
uasal  bones.' 

Fig.  3.  159  days.  Marked  nodular  periostitis  and  perichondritis  of  the  nasal 
bones  and  cartilages. 

Fig.  4.  71  days.    Marked  periostitis  of  the  supraorbital  region. 

Plate  62. 

Fig.  5.  110  days.  Multinodular  periostitis  of  the  nasomaxillary  fossa,  the 
sides  and  bridge  of  the  nose.    The  lesions  were  very  pronounced. 

Fig.  6.  92  days.  Periostitis  of  the  right  nasal  bone  and  splint.  The  lesion 
formed  a  broad  flattened  mass  which  covered  the  upper  half  of  the  bone  and 
adjacent  portions  of  the  fossa. 

Figs.  7  to  16.  A  comparative  study  of  clinical  and  pathological  conditions  in 
syphilitic  affections  of  the  nasal  region. 

Plate  63. 

Figs.  7  to  10.  Marked  diffuse  periostitis  of  the  nasal  bones  and  splints  with 
necrosis  and  regeneration. 

Fig.  7.  68  days.  The  deformity  of  the  nose.  The  lesion  was  centered  over 
the  bridge  of  the  nose  and  extended  from  just  below  the  level  of  the  eyes  to  the 
tip  of  the  nose. 

Fig.  8.  68  days.  Radiograph  showing  complete  necrosis  of  the  bone  at  the 
center  of  the  process.    The  turbinates  are  also  involved. 

Fig.  9.  6  weeks  later.  Regeneration  of  bone.  The  nasal  bones  are  con- 
siderably thickened,  irregular,  and  devoid  of  architecture.  There  is  also  an 
irregular  osteoid  mass  beneath  the  nasal  plates. 

Fig.  10.  121  days.    Lateral  \'iew^  of  the  skull  showing  the  regenerated  bones.' 

'  For  frontal  view  see  Brown,  Pearce,  and  Witherbee  (1),  Fig.  29. 
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Plate  64. 

Figs.  11,  12,  and  14.  Diffuse  periostitis  which  produced  very  Httle  alteration 
in  the  facial  contour. 

Fig.  11.  102  days.  A  slight  prominence  towards  the  end  of  the  nose  was  the 
only  visible  abnormality.  Palpation  showed  necrosis  of  the  margins  of  the 
nasal  bones. 

Fig.  12.  116  days.  Radiograph  showing  clouding  of  the  nasal  bones  and 
erosion  of  the  under  side  near  the  end  of  the  nose.  There  are  also  a  marked  cloud- 
ing and  loss  of  finer  shadow  details  throughout  the  nasal  chambers  and  parts  of 
the  maxilla  and  premaxiUa,  indicating  an  extensive  involvement  of  these  parts. 

Fig.  13.  Normal  radiograph  for  comparison. 

Fig.  14.  123  days.    Skull  of  the  animal  in  Figs.  11  and  12.'' 

Plate  65. 

Figs.  15  and  16.  2  years  and  2|  months.  Chronic  fibrous  periostitis  with  bulb- 
ous thickening  of  the  end  of  the  nose — a  permanent  condition.  The  enlargement 
of  the  nose  was  due  in  part  to  fibrous  tissue  and  in  part  to  thickening  of  the  bone. 
In  the  radiograph  (Fig.  16)  note  the  change  in  shape  and  prolongation  of  the  nasal 
bones,  eburnation,  and  increase  in  osteoid  tissue  on  the  under  ^ide  of  the  nasal 
bones  and  throughout  the  nasal  region.^ 

Figs.  17  to  22.     Syphilitic  affections  of  the  radius  and  ulna. 

Fig.  17.  61  days.    A  typical  bilateral  periostitis  of  the  radius  and  ulna. 

Fig.  18.  92  days.  A  typical  case  of  unilateral  periostitis  of  the  ulna  (right) 
with  extension  to  the  interosseous  membrane  and  the  adjacent  margin  of  the 
radius.    The  left  forearm  is  normal. 

Plate  66. 

Fig.  19.  76  days.  An  unusually  marked  affection  of  both  the  uLna  and  radius. 
The  condition  was  bilateral. 

Fig.  20.  77  days.  Autopsy  specimen  of  the  same  lesions.  That  of  the  ubia 
is  seen  to  be  a  sharply  demarcated  periosteal  granuloma,  while  that  of  the  radius 
is  an  osteitis  of  the  head  of  the  bone. 

Fig.  21.  60  days.  Marked  periostitis  and  osteitis  of  the  distal  ends  of  the 
ulna  and  radius. 

Fig.  22.  61  days.  Radiograph  of  the  same  lesions.  Note  the  irregularities 
and  rarefication  of  the  lower  ends  of  the  bone  and  the  fusiform  enlargement  of 
the  radius. 

■•  For  frontal  view  see  Brown,  Pearce,  and  Witherbee  (1),  Fig.  27. 
'For  skull  see  Brown,  Pearce,  and  Witherbee  (1),  Figs.  6  and  7. 
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Plates  67  to  72. 
(Received  for  publication,  January  31,  1921.) 

The  phases  of  syphilis  of  the  skeletal  and  supporting  systems  to  be 
considered  in  this  paper  are  the  affections  of  the  hind  feet  and  legs, 
and  of  the  vertebral  column,  joint  cavities,  and  tendons  with  the 
clinical  history  of  this  form  of  experimental  syphilis. 

Hind  Feet  and  Legs. 

In  our  first  series  of  animals,  there  were  fewer  instances  of  involve- 
ment of  the  bones  of  the  hind  feet  and  legs  than  of  the  forearm,  which 
was  the  reverse  of  the  condition  noted  with  the  cutaneous  lesions. 
Among  the  more  recent  cases  of  generalized  syphilis,  however,  the 
incidence  of  bone  lesions  of  the  posterior  extremities  was  markedly 
increased,  and  the  lesions  themselves  were  much  more  pronounced. 
The  bones  involved  were  the  lower  end  of  the  tibiofibular,  the  tarsals, 
the  metatarsals,  and  the  phalanges.  The  affections  included  both 
periosteal  and  endosteal  processes  with  a  considerable  number  of  cases 
resulting  in  epiphyseal  separation  or  pathological  fracture. 

Tibiofibular. — The  most  easily  recognizable  lesions  of  the  lower 
extremities  were  those  of  the  tibiofibular,  all  of  which  were  periosteal 
in  origin  and  with  a  single  exception  occupied  essentially  the  same 
position;  namely,  the  anterolateral  surface  of  the  lower  end  of  the 
bone,  or  what  might  be  termed  the  external  malleolus.     This  position 
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corresponds  to  the  line  of  union  between  the  tibia  and  the  fibula  and 
normally  is  marked  by  a  small  depression  surrounded  by  a  series  of 
angular  points  or  ridges.  The  development  of  a  periosteal  lesion  in 
this  location  caused  a  filling  in  of  the  depression  and  rounding  off  of 
the  bony  prominences. 

Affections  of  this  type  were  quite  common.  Some  of  the  lesions 
were  of  a  comparatively  small  size,  while  others  reached  a  centimeter 
or  more  in  diameter  and  produced  a  very  characteristic  deformity, 
as  may  be  seen  by  reference  to  Figs.  1  to  3. 

In  this  animal,  there  was  a  bilateral  involvement  of  the  bones,  the  lesions  of 
the  two  sides  being  of  approximately  the  same  size  and  character.  The  right  leg 
(Fig.  1)  illustrates  the  appearance  presented  with  the  fur  intact,  while  the  left, 
with  the  hair  removed,  shows  more  accurately  the  location  of  the  lesion  and  the 
actual  deformity  produced.  The  autopsy  preparation  in  Fig.  2  shows  the  appear- 
ance with  the  skin  reflected. 

None  of  the  affections  of  this  group  appeared  to  produce  any  considerable  gross 
alteration  in  the  bone.  The  changes  noted  were  analogous  to  those  of  the  ubia 
and  radius.  Fig.  3,  which  is  a  radiograph  of  the  lesions  in  Fig.  1,  shows  the  con- 
dition usually  found.  On  the  right,  there  is  a  very  definite  thinning  of  the  outer 
table  and  some  irregularity  in  the  surface  of  the  bone.  The  surface  of  the  left 
tibia  is  less  affected  and  shows  no  more  than  a  suggestion  of  a  roughening,  but 
there  appears  to  be  some  rarefication  in  the  lower  end  of  the  bone,  and  the  most 
marked  alterations  were  probably  in  the  heads  of  the  bones.  This  radiograph 
may  also  be  used  as  a  means  of  orientation  for  the  lesions  and  the  parts  of  the 
bone  affected. 

Minor  variations  in  the  location  of  the  lesions  were  not  uncommon, 
but  in  only  one  instance  was  the  position  materially  different  from  that 
described.  In  addition  to  the  usual  involvement  of  the  external 
malleolus,  this  animal  developed  a  third  lesion  which  took  the  form 
of  an  annular  periostitis  surrounding  the  shaft  of  the  right  tibiofibular 
over  an  area  about  1  cm.  in  breadth  and  at  a  level  of  2  to  3  cm.  above 
the  distal  end  of  the  bone. 

Metatarsals. — While  affection  of  the  metatarsals  was  of  frequent 
occurrence,  the  lesions  were,  with  few  exceptions,  confined  to  the  so 
called  fifth  or  lateral  metatarsal;  the  other  bones  involved  were  the 
first  and  the  fourth.  This  group  of  afi'ections  presented  a  variety  of 
conditions  consisting  chiefly  of  periosteal  lesions  but  including  also 
affections  of  the  bone  and  a  considerable  number  of  cases  of  epiphyseal 
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separation.  While  some  were  small  and  rather  difficult  to  detect, 
except  by  the  most  careful  palpation,  the  usual  aflfection  was  quite 
obvious  to  one  familiar  with  the  topography  of  this  part  of  the  foot. 

The  fifth  metatarsal  of  the  rabbit  is  much  the  same  as  that  of 
man.  The  features  of  especial  importance  are  the  presence  of  a  sharp 
bony  prominence,  or  hook,  formed  by  the  tuberosity  at  the  proximal 
end  of  the  bone  and  the  narrow  tendinous  ridge  which  extends  along 
the  lateral  margin  of  the  foot  throughout  the  length  of  the  bone. 
These  features  of  the  normal  foot  are  shown  in  Fig.  4. 

The  tuberosity,  or  proximal  end,  of  the  metatarsal  was  perhaps 
most  frequently  affected.  Irrespective  of  its  origin,  the  condition 
usually  produced  was  of  the  nature  of  a  firm  swelling  which  centered 
about  the  head  of  the  bone  and  extended  some  distance  along  the 
adjacent  portion  of  the  shaft.  The  picture  presented  by  such  affec- 
tions was  that  shown  in  Fig.  5.  The  bone  injury  produced  in  this 
case  is  shown  in  Fig.  6  which  is  a  radiograph  of  the  feet  in  Figs.  4 
and  5. 

Occasionally,  much  greater  proportions  and  a  more  destructive 
character  were  noted;  an  example  of  this  kind  is  given  in  Figs.  7  and  8. 
As  in  the  preceding  case,  the  lesion  arose  from  the  head  of  the  fifth 
metatarsal  but  extended  to  the  adjacent  portions  of  the  fourth  meta- 
tarsal (Fig.  8);  there  was  practically  complete  necrosis  of  the  head 
of  the  fifth  metatarsal  followed  by  the  formation  of  an  irregular  bony 
mass  which  is  well  shown  in  the  radiograph  (Fig.  8).' 

A  second  group  of  lesions  occurred  along  the  shaft  of  the  bone  either 
singly  or  as  multiple  nodules.  The  majority  of  these  were  periosteal 
afi^ections;  they  were  usually  located  on  the  lateral  or  dorsal  surface 
but  were  occasionally  found  on  the  plantar  surface  or  completely 
encircled  the  bone.  The  usual  form  was  that  of  a  fusiform  swelling 
such  as  is  shown  in  Fig.  9.  A  more  pronounced  case  of  a  similar 
character  is  seen  in  Fig.  10.  In  this  instance,  there  were  two  dis- 
tinct lesions  present,  one  of  which  appeared  as  a  spherical  mass  embrac- 
ing the  head  of  the  metatarsal  and  the  other  as  a  fusiform  enlargement 
extending  the  full  length  of  the  shaft.  The  condition  was  bilateral 
and  symmetrical. 

'  Fig.  16  is  taken  from  the  same  animal. 
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None  of  the  periosteal  lesions  of  the  shaft  thus  far  examined  have 
resulted  in  a  gross  alteration  which  amounted  to  more  than  a  slight 
erosion  of  the  bone  or  slight  roughening  and  thickening  which  per- 
sisted for  some  time  after  the  healing  of  the  lesion  (see  Fig.  21). 
Microscopic  changes,  however,  were  more  marked. 

In  a  few  instances,  affections  of  the  bone  or  medullary  cavity  were 
discovered  by  x-ray  examinations  and  verified  by  autopsy,  but  very 
little  is  known  of  their  clinical  history.  At  times,  they  produced 
conditions  analogous  to  those  of  periostitis  or  resulted  in  necrosis  and 
pathological  fracture. 

A  third  group  of  lesions  arose  from  the  distal  end  of  the  metatarsal, 
and  while  many  of  these  were  simple  periosteal  processes  analogous 
to  those  of  the  shaft  and  the  proximal  end  of  the  bone,  they  were  of 
peculiar  interest  on  account  of  the  frequent  occurrence  of  pathological 
fractures  or  epiphyseal  separations.  At  present,  we  cannot  attempt 
to  differentiate  between  the  various  types  of  pathological  processes 
which  were  concerned  in  the  production  of  these  conditions.  Some 
were  obviously  the  result  of  periosteal  infections,  while  others  appeared 
to  be  due  to  infection  within  the  bone  itself  or  to  a  combination  of  the 
two  processes.    An  example  of  each  of  these  may  be  given. 

The  lesion  which  is  illustrated  in  Figs.  11  to  13  began  as  a  simple  periosteal 
process,  and  the  first  radiograph  showed  little  if  any  alteration  in  the  bone. 
Growth  was  unusually  active,  however,  and  within  a  week,  shght  crepitus  could 
be  detected  and  the  radiograph  showed  the  presence  of  a  fracture  of  the  neck 
just  proximal  to  the  epiphyseal  line  (Fig.  13).  It  could  not  be  determined 
whether  this  was  due  entirely  to  the  lesion  of  the  periosteum  or  to  the  presence 
of  a  second  focus  of  infection  within  the  bone  which  was  obscured  by  the  periosteal 
lesion.  When  the  animal  was  killed  1 1  days  later,  the  bone  was  found  to  be  irreg- 
ularly and  markedly  thickened  in  its  outer  third. 

The  second  case,  illustrated  in  Figs.  14  and  IS,  is  what  appears  to  be  a  clear 
instance  of  an  epiphyseal  infection,  or  an  osteochondritis,  and  is  of  especial  inter- 
est on  account  of  its  occurrence  in  an  adult  animal.  When  first  noted,  there  was 
a  firm  narrow  ridge  at  the  epiphyseal  hne  which  was  barely  palpable  and  could 
not  be  diagnosed  with  certainty  as  a  s>'phiUtic  lesion.  This  ridge  increased 
shghtly,  and  within  a  few  days,  an  edematous  swelling  appeared,  the  extent  of 
which  is  indicated  by  the  shadows  Ln  the  radiograph  taken  at  this  time  (Fig.  14). 
There  was  a  distinct  crepitus,  and  the  radiograph  showed  an  obliteration  of  the 
epiphyseal  line  with  a  clean-cut  separation  of  the  epiphysis  (Fig.  14).  The  lesions 
healed  with  a  shght  bony  thickening,  and  it  will  be  noted  that  the  epiphyseal 
line  was  not  reestabhshed  (Fig.  15). 
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From  the  description  of  metatarsal  lesions  which  has  been  given, 
it  will  be  seen  that  the  essential  differences  between  affections  of  these 
bones  and  those  of  the  tibiofibular  or  ulna  and  radius  were  the  extent 
of  the  bone  involvement  and  the  occurrence  of  focal  infections  within 
the  bone  and  especially  at  lines  of  epiphyseal  union. 

Tarsus. — The  status  of  syphiUtic  affections  involving  the  tarsus  is 
stiU  somewhat  obscure.  As  was  pointed  out  in  Part  1  of  this  paper 
(1),  there  is  a  variety  of  conditions  affecting  this  part  of  the  body 
which  present  much  the  same  clinical  picture.  Those  observed  were 
chiefly  affections  of  the  calcaneus  and  included  a  few  cases  of  syphi- 
Utic periostitis  with  numerous  instances  of  necrosis  of  the  calcaneus, 
pathological  fracture,  and  epiphyseal  separation  together  with  some 
instances  of  extension  of  the  infection  to  other  bones  of  the  tarsus 
or  to  ligaments,  tendons,  and  sjmovial  membranes. 

AU  the  periosteal  lesions  of  the  calcaneus  were  situated  on  the  dorsal 
or  superior  surface  of  the  bone  near  the  anterior  end.  Normally, 
there  is  a  well  marked  depression  at  this  point  which,  in  cases  of  perios- 
titis, was  obliterated  or  filled  by  a  firm  elastic  mass.  The  resulting 
alteration  in  appearance  is  shown  in  Figs.  11  and  12,  which  may  be 
compared  with  other  illustrations. 

So  far  as  we  are  aware,  in  no  instance  was  any  marked  necrosis  of 
the  underlying  bone  produced,  but  it  is  important  to  note  that  the 
majority  of  the  cases  of  necrosis  of  the  calcaneus  which  occurred  in 
the  absence  of  any  known  lesion  of  the  periosteum  occupied  exactly 
the  same  position.     This  is  clearly  illustrated  in  Fig.  16. 

The  conditions  designated  as  necrosis  of  the  calcaneus,  pathological 
fracture,  and  separation  of  the  epiphysis  have  been  considered  in 
detail  elsewhere  (1).  It  seems  necessary  only  to  recall  that  all  pre- 
sented a  common  symptom-complex,  the  outstanding  features  of 
which  were  the  sudden  development  of  lameness,  an  edematous  swell- 
ing of  the  tarsus,  tenderness,  and  crepitus,  the  cause  for  which  could 
be  determined  with  accuracy  only  by  radiograph  or  by  careful  dis- 
section.   The  swelling  and  edema  are  well  shown  in  Fig.  16. 

In  a  few  instances,  other  bones  than  the  calcaneus  have  been  found 
to  be  involved  in  affections  of  the  type  described  and  as  a  result  of 
extension  of  lesions  from  such  points  as  the  head  of  the  metatarsals 
(Fig.  16).  However,  they  presented  no  distinctive  clinical  charac- 
teristics. 
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Phalanges. — As  one  passes  from  the  larger  and  more  accessible  bony- 
structures  to  those  which  are  extremely  small  or  difllcult  of  examina- 
tion, the  question  of  the  presence  or  absence  of  bone  lesions  and  the 
nature  of  the  injury  become  less  certain.  This  applies  to  syphilitic 
affections  of  the  phalanges  and  the  bones  of  the  carpus  and  tarsus 
as  well.  However,  numerous  instances  of  periostitis  of  the  phalanges, 
or  dactylitis,  and  of  necrosis  of  the  bones  with  no  demonstrable  lesion 
of  the  periosteum  have  been  observed  in  the  toes  of  the  hind  feet. 

The  occurrence  of  affections  of  the  terminal  phalanges  which  gave 
rise  to  abnormalities  of  the  nails  was  referred  to  in  connection  with 
the  cutaneous  manifestations  of  syphilis  (2,  3). 

Lesions  of  this  type  are  shown  in  Figs.  17  to  19  and  also  on  the  fifth  toe  in  Fig. 
8.  There  is  a  periostitis  of  the  terminal  phalanges  of  several  of  the  toes  in  Figs. 
17  and  18,  and  the  loss  of  the  nail  can  be  traced  in  the  fourth  toe  of  the  left  foot. 
Fig.  19  shows  a  more  extreme  condition,  which  was  permanent.  Enlargement 
and  induration  of  the  terminal  phalanx,  as  in  these  cases,  rarely  occurred  without 
the  production  of  an  easily  recognizable  paronychia. 

Recorded  instances  of  a  simple  periostitis  of  the  phalanges  which 
did  not  involve  the  skin  or  its  appendages  were  comparatively  few. 
However,  a  large  proportion  of  these  cases  occurred  on  the  fifth 
or  lateral  toe  as  in  Figs.  20  and  21,  thus  conforming  to  the  order  of 
distribution  recorded  for  other  lesions  of  the  hind  feet.  In  this  con- 
nection, attention  may  be  called  to  a  striking  tendency  towards  the 
occurrence  of  serial  periosteal  lesions  along  the  outer  sides  of  the 
feet,  producing  a  beaded  effect  which  is  well  shown  in  Fig.  21. 

Lesions  were  observed  on  the  first,  second,  and  third  phalanx;  some 
produced  no  appreciable  alteration  in  the  bone,  while  others  resulted 
in  necrosis  which  was  occasionally  followed  by  fracture  or  disinte- 
gration. 

Infections  arising  within  the  bone  were  discovered  in  a  few  animals, 
and  their  development  was  followed  by  serial  radiographs.  There 
were  no  appreciable  external  evidences  of  bone  involvement  in  these 
cases  until  necrosis  and  disintegration  or  fracture  of  the  bone  occurred. 
The  parts  then  became  more  or  less  swollen  and  tender,  and  in  some 
instances  a  crepitus  could  be  detected. 
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Several  examples  of  affections  of  this  kind  may  be  seen  in  Figs.  16  to  18.  The 
lesion  in  the  first  phalanx  of  the  outer  toe  of  the  right  foot  in  Figs.  17  and  18  is 
brought  out  especially  well.  By  careful  inspection  (use  reading  glass),  it  will 
be  seen  that  there  is  an  enlargement  of  the  distal  end  of  this  phalanx  (Fig.  17) 
with  rarefication  and  loss  of  architecture,  but  that  there  is  no  shadow  to  indicate 
the  presence  of  a  periosteal  lesion.  13  days  later  (Fig.  18),  a  fracture  occurred 
at  this  point  accompanied  by  the  usual  reaction  in  the  surrounding  tissues. 

There  were  a  number  of  definite  bone  lesions  present  in  the  feet  of  this  animal, 
none  of  which  could  have  been  clearly  recognized  except  by  radiographic  examina- 
tion; there  were  periosteal  lesions  of  several  toes  (outwardly  paronychias),  and 
osteitis  in  the  phalanx  mentioned  and  at  both  extremities  of  the  fifth  metatarsal 
of  the  same  foot.  In  Fig.  16,  a  number  of  the  phalanges  are  also  seen  to  be 
involved.  This  will  serve  to  indicate  the  difficulty  in  the  recognition  of  lesions 
of  this  type,  our  knowledge  of  which  is  at  present  rather  limited. 

Obscure  Bone  AJfeclions. 

The  conditions  which  have  been  described  in  the  preceding  pages 
may  with  reason  be  regarded  as  the  obvaous  bone  affections  in  contra- 
distinction to  infections  which  are  accompanied  by  no  signs  which 
are  sufficiently  distinctive  to  enable  one  to  recognize  them  clinically 
or  even  to  suggest  the  possibiUty  of  their  existence.  It  is  quite  cer- 
tain that  such  conditions  do  occur  as  indicated  by  the  frequency  with 
which  affections  of  the  interior  of  the  nares  and  of  the  small  bones 
of  the  feet  have  been  discovered  by  radiographic  or  pathological 
examination. 

Other  positions  in  which  we  have  reason  to  believe  that  obscure 
affections  may  exist  are  the  vertebral  column,  the  cranial  bones,  the 
sternum,  the  ribs,  and  the  mandibles.  In  each  of  these  sites,  lesions 
have  been  found  whose  pathology  was  sufficient  to  identify  them 
as  syphilitic.  Infection  of  the  caudal  vertebras  has  been  recognized 
clinically  in  several  animals,  the  condition  being  manifested  as  fusi- 
form swellings.  In  other  instances  where  no  injury  was  suspected, 
necrosis  of  the  bones  was  demonstrated  by  radiograph. 

Our  attention  was  attracted  to  two  cases  of  infection  of  the  cervical 
vertebra;  by  the  development  of  symptoms  of  meningitis.  In  one 
of  these  animals,  postmortem  examination  revealed  the  presence  of 
necrosis  of  the  cervical  vertebras,  and  spirochetes  were  demonstrated 
in  the  cerebrospinal  fluid.     In  the  other,  the  upper  cervical  vertebrje 
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and  one  of  the  occipital  condyles  were  involved.  Histologically,  these 
bones  showed  a  typical  syphilitic  reaction  in  the  Haversian  canals 
and  marrow  spaces,  with  absorption  and  necrosis  of  bone. 

In  two  instances,  lesions  were  discovered  at  autopsy  at  the  costo- 
chondral  junction  of  one  of  the  ribs  which  corresponded  grossly  and 
histologically  with  other  bone  lesions  in  the  animals.  In  another 
animal,  a  healed  lesion  was  found  in  the  xiphoid  and  the  adjacent  part 
of  the  body  of  the  sternum  which  appeared  to  be  of  syphilitic  origin, 
and  a  similar  condition  was  observed  in  the  mandible  of  another 
animal. 

The  occurrence  of  obscure  bone  affections  and  infections  associated 
with  very  slight  local  reaction  is  of  considerable  importance  and  lends 
support  to  the  belief  that  many  cases  of  latent  or  obscure  human 
infection  may  find  their  explanation  in  the  occurrence  of  an  analogous 
group  of  conditions. 

Tendons  and  Synovial  Membranes. 

In  Part  1  of  this  paper  (1),  mention  was  made  of  the  occurrence 
of  affections  of  tendons,  joints,  and  syno\aal  membranes.  With  the 
exception  of  the  tendons,  these  conditions  were  not  accompanied  by 
signs  which  were  sufficiently  distinctive  to  permit  their  clinical  recog- 
nition, and  nothing  can  be  said  of  their  clinical  history. 

Only  a  few  cases  of  primary  tendon  involvement  were  recognized 
clinically,  all  of  which  occurred  in  the  tendo  achiUis.  The  lesions 
were  usually  small  nodular,  or  fusiform  masses  which  could  be  detected 
only  by  palpation.  In  one  instance,  however,  the  lesion  developed 
on  the  outer  side  of  the  tendon  and  produced  a  \asible  enlargement 
over  which  the  skin  was  freely  movable. 

Clinical  History  of  Bone  Affections. 

The  clinical  history  of  bone  affections  cannot  be  given  in  so  com- 
plete form  as  one  would  wish,  since  only  a  few  animals  of  this  group 
were  held  for  any  considerable  period  of  time ;  our  knowledge  is,  there- 
fore, chiefly  of  the  early  stages  of  the  infection. 

From  available  data,  it  would  appear  that  syphiUs  of  the  bones 
occupies  a  position  with  relation  to  the  infection  as  a  whole  which 
is  closely  analogous  to  that  of  the  cutaneous  manifestations. 


W.   H.   BROWN,   L.   PEARCE,   AND   W.   D.   WITHERBEE  533 

Among  conditions  which  seemed  to  exercise  a  predisposing  influence 
upon  the  occurrence  of  bone  infection,  mention  may  be  made  of  the 
reduction  or  early  suppression  of  primary  lesions  by  unilateral  instead 
of  bilateral  inoculation,  by  castration  or  excision  of  lesions,  or  by  the 
use  of  therapeutic  agents.  When  procedures  of  this  kind  were 
employed,  the  relative  incidence  as  well  as  the  extent  of  the  bone 
involvement  was  definitely  increased.  The  peculiarities  of  distribu- 
tion and  the  marked  predilection  for  unprotected  bony  prominences 
would  indicate  that  the  factor  of  trauma  also  plays  a  part  both  in 
the  occurrence  and  in  the  localization  of  this  class  of  lesions. 

The  important  point  to  be  noted,  however,  is  that  lesions  of  perios- 
teum and  bone  appear  to  occupy  a  definite  position  in  the  scheme  of 
defensive  reactions  in  the  experimental  animal.  Initially,  this  reac- 
tion is  bound  up  with  the  development  of  the  primary  lesions,  but 
if  the  latter  are  suppressed  at  an  early  stage  of  the  infection,  it  is 
almost  invariably  taken  up  by  the  periosteum  and  bone.  Conversely, 
if  the  primary  lesions  are  allowed  to  progress  uninterruptedly,  or  if 
they  are  suppressed  late  in  the  course  of  the  infection,  protection  is 
apt  to  be  conferred  upon  this  group  of  tissues,  and  the  burden  of 
reaction  is  assumed  by  some  other  set  of  tissues  such  as  the  skin  or 
the  mucous  membranes.  The  detailed  consideration  of  the  facts  upon 
which  this  statement  is  based  will  be  taken  up  elsewhere  (4). 

Time  of  Occurrence. — From  what  has  been  said,  it  may  be  surmised 
that  the  time  of  appearance  of  bone  lesions  varied  greatly.  Under  con- 
ditions which  favored  their  development,  they  were  among  the  earliest 
manifestations  of  a  generalized  disease.  While  the  extreme  limits  of 
variation  in  our  series  of  animals  were  from  a  minimum  of  38  days  to 
15f  months  after  inoculation,  most  often  the  lesions  appeared  within 
2  to  3  months.  The  reactive  period  of  bone  infection,  if  we  may  term 
it  such,  was  shorter  and  more  sharply  demarcated  than  that  of  other 
lesions.  This  was  especially  true  in  animals  whose  primary  lesions 
had  been  suppressed.  In  these,  the  lesions  appeared  with  great  regu- 
larity at  or  near  the  expiration  of  the  60  day  period  following  inocu- 
lation, those  of  the  nasal  region  as  a  rule  being  recognized  slightly 
earlier  than  those  of  other  bones. 

Course  and  Duration. — The  course  of  the  bone  lesions  was  one  of 
comparatively  rapid  development  and  rapid  decline,  in  which  there 
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was  less  of  the  cyclic  variation  to  be  seen  than  in  almost  any  other 
class  of  syphilitic  affections.  Clearly  defined  periods  of  growth  and 
regression  were  observed  in  some  animals,  but  it  is  worthy  of  note 
that  no  instance  of  true  relapse  or  recurrence  of  a  healed  lesion  was 
recorded.  In  a  single  instance,  in  which  a  periosteal  lesion  on  the 
nose  of  an  animal  persisted  for  more  than  a  year,  there  were  several 
periods  of  marked  regression  followed  by  renewed  activity;  this  was 
the  nearest  approach  to  true  relapse  which  was  observed.  Whether 
these  peculiarities  of  bone  lesions  may  be  attributed  to  difficulties  of 
observation  on  the  one  hand  and,  in  our  series,  to  the  short  period 
of  observation  on  the  other,  or  are  characteristic  of  this  group  of  affec- 
tions cannot  be  said. 

As  a  rule,  the  period  of  active  infection  was  comparatively  short. 
Some  lesions  disappeared  within  a  few  weeks,  and  few  lasted  for  more 
than  1  to  2  months.  The  process  of  repair  in  cases  of  marked  bone 
destruction  was  obviously  more  prolonged.  In  exceptional  instances, 
active  lesions  persisted  for  several  months;  the  longest  recorded  period 
in  our  series  was  20  months,  and  this  lesion  was  still  active  when  the 
animal  was  killed. 

Gross  evidences  of  bone  injury  were,  as  a  rule,  comparatively  slight 
and  tended  to  disappear;  in  the  case  of  the  more  destructive  lesions, 
however,  repair  was  less  perfect  and  more  or  less  permanent  alter- 
ations were  produced  which  were  akin  to  those  seen  in  syphilitic 
infections  of  man. 

CONCLUSIONS. 

The  facts  presented  above  indicate  clearly  that  localized  infections 
of  periosteum,  bone,  cartilage,  tendons,  and  synovial  membranes  form 
an  important  group  of  affections  in  rabbits  inoculated  with  suitable 
strains  of  Treponema  pallidum. 

Among  the  more  important  features  of  this  group,  mention  may 
be  made  of  the  early  occurrence  of  the  lesions  and  their  relation  to 
other  manifestations  of  disease,  the  involvement  of  bones  in  exposed 
locations  or  of  bones  which  are  subject  to  pressure  or  trauma,  the 
high  incidence  and  destructiveness  of  affections  of  the  nasal  region, 
the  tendency  to  localization  at  points  of  bony  union  or  at  epiphyseal 
lines,  and  the  frequency  of  obscure  focal  lesions. 
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From  a  general  standpoint,  it  will  be  seen  that  syphilis  of  the 
skeletal  system  of  the  rabbit  is  a  very  characteristic  condition  and 
that  it  combines  features  of  both  the  acquired  and  the  inherited  form 
of  the  disease  in  man.  It  cannot  be  said  that  the  two  conditions  are 
identical,  yet  they  possess  many  fundamental  characteristics  in  com- 
mon, and  it  is  believed  that  this  form  of  experimental  syphilis  is  of 
more  than  usual  importance  on  account  of  the  opportunity  which 
it  affords  for  the  study  of  lesions  of  the  skeletal  system. 

SITMMARY. 

A  systematic  study  was  made  of  the  affections  of  bone,  cartilage, 
tendons,  and  synovial  membranes  which  occurred  in  a  series  of  rabbits 
with  generalized  syphilis.  Localized  infection  of  this  group  of  struc- 
tures was  found  to  be  of  very  frequent  occurrence.  The  parts  involved 
were,  in  the  order  of  their  frequency,  the  facial  and  cranial  bones  and 
cartilages,  the  bones,  tendons,  and  joints  of  the  feet  and  legs,  the 
cervical  and  caudal  vertebrae,  the  ribs,  and  the  sternum.  These 
infections  often  gave  rise  to  characteristic  manifestations  of  disease 
which  could  be  detected  without  difi&culty  by  inspection  or  palpation 
of  the  part.  In  many  instances,  however,  clinical  manifestations  were 
so  slight  that  the  presence  of  lesions  could  be  detected  only  by  radio- 
graphic or  pathological  examination. 

Detailed  descriptions  of  various  clinical  types  of  disease  were  given 
and  the  clinical  manifestations  correlated  with  the  pathological  process. 
It  was  pointed  out  that  bone  lesions  exhibited  a  decided  predilection 
for  certain  exposed  bony  prominences,  for  lines  of  bony  union,  and 
for  epiphyseal  lines  in  particular. 

A  study  of  the  clinical  history  of  bone  lesions  brought  out  the  fact 
that  they  were  among  the  earliest  of  the  generalized  forms  of  dis- 
ease; they  tended  to  pursue  a  comparatively  rapid  course,  and  relapse 
was  never  observed. 

Especial  emphasis  was  laid  upon  three  aspects  of  the  experimental 
infection:  the  analogy  existing  between  certain  forms  of  the  animal 
and  human  affections,  the  relation  of  syphilis  of  the  osseous  system 
to  other  evidences  of  disease,  and  the  occurrence  of  obscure  bone 
lesions. 
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In  this  connection,  it  was  pointed  out  that  the  nasal  and  epiphyseal 
lesions  of  the  rabbit  presented  a  striking  analogy  to  those  of  congenital 
syphilis  in  man. 

It  was  also  pointed  out  that  syphilis  of  the  osseous  system  occupied 
a  definite  position  in  the  scheme  of  defensive  reactions  such  that 
lesions  of  these  tissues  might  be  favored  or  inhibited  according  to 
the  experimental  conditions  employed. 

Finally,  the  frequency  with  which  infections  occurred  which  were 
not  accompanied  by  sufficiently  distinctive  signs  even  to  suggest  the 
possibility  of  their  existence  was  interpreted  as  evidence  that  some 
cases  of  latent  or  obscure  infection  in  man  might  find  their  explana- 
tion in  the  presence  of  a  similar  group  of  affections. 
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EXPLANATION  OF  PLATES. 

All  illustrations  are  reproductions  of  photographs  or  radiographs  which  have 
not  been  retouched  and  represent  objects  at  their  natural  size.  Statements  of 
time  are  estimated  from  the  date  of  inoculation  unless  otherwise  indicated. 

Plate  67. 

Figs.  1  to  3.  Syphilitic  affections  of  the  tibiofibular,  or  external  malleolus. 

Fig.  1.  84  days.  .A.  typical  case  of  bilateral,  nodular  periostitis  of  the  external 
malleolus. 

Fig.  2.  Autopsy  specimen  of  the  left  leg  showing  the  almost  spherical  granu- 
lomatous mass  with  some  extension  to  the  surrounding  tissues. 

Fig.  3.  Radiograph  showing  location  of  the  lesions  in  Fig.  1  with  reference  to 
bony  parts  and  the  apparent  effect  upon  the  underlying  bone.  Note  the  shght 
alteration  in  the  margin  of  the  shaft  of  the  left  tibia  as  compared  with  the  right. 
The  most  marked  changes  are  in  the  head  of  the  bones  (indicated  by  arrows). 
The  lighter  shadows  in  the  left  tibia  are  possibly  due  to  lesions  within  the  bone. 

Fig.  4.  Appearance  of  normal  metatarsal. 

Figs.  5  to  15.    Syphilitic  affections  of  the  metatarsals. 
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Plate  68. 

Figs.  5  to  8.  Lesions  of  the  proximal  end  of  the  metatarsals. 

Fig.  4.  Lateral  view  of  right  hind  foot  showing  normal  topography  of  the 
metatarsal  area. 

Fig.  S.  135  days.  Left  foot  of  same  animal  showing  a  tj'pical  enlargement 
of  the  head  and  adjacent  portions  of  the  shaft  of  the  fifth  metatarsal  due  to  syph- 
ihtic  involvement  of  this  portion  of  the  bone. 

Fig.  6.  Radiographs  of  the  feet  shown  in  Figs.  4  and  5.  Note  the  comparative 
condition  of  the  proximal  portions  of  the  lateral  metatarsals. 

Fig.  7.  83  days.  A  marked  syphilitic  affection  of  the  pro.ximal  ends  of  the 
fourth  and  fifth  metatarsals. 

Fig.  8.  Radiograph  showing  the  extent  of  the  bone  involvement. 

Plate  69. 

Figs.  9  to  13.  Affections  of  the  shaft  and  distal  ends  of  the  metatarsals. 

Fig.  9.  117  days.  A  fusiform  lesion  of  the  shaft  of  the  lateral  metatarsal. 
Periostitis. 

Fig.  10.  93  days.  A  marked  periosteal  affection  of  the  entire  fifth  metatarsal. 
There  is  a  nodular  granulomatous  lesion  at  the  proximal  end  of  the  bone  and  a 
fusiform  lesion  extending  its  full  length;  this  lesion  completely  surrounded  the 
bone.  There  is  also  a  skin  lesion  over  the  tarsus  and  just  above  this,  a  periosteal 
lesion  of  the  tibiofibular. 

Figs.  11  and  12.  92  days.  Dorsal  and  lateral  views  of  a  marked  affection  of 
the  distal  end  of  the  fifth  metatarsal.  These  photographs  also  show  a  prominent 
periosteal  granuloma  on  the  dorsal  surface  of  the  anterior  end  of  the  calcaneus 
(marked  by  arrow). 

Fig.  13.  Radiograph  showing  pathological  fracture  of  the  shaft  of  the  meta- 
tarsal resulting  from  the  lesion  shown  in  Figs.  11  and  12. 

Plate  70. 

Figs.  14  and  IS.  Affections  of  the  distal  ends  of  the  metatarsals. 

Fig.  16.  Affection  of  the  tarsus. 

Fig.  14.  58  days.  An  epiphyseal  separation  of  the  distal  end  of  the  fifth 
metatarsals.  A  displacement  of  the  shafts  and  epiphyses  is  seen;  a  light  line  or 
band  is  seen  crossing  the  bone  in  the  position  of  the  epiphyseal  line,  and  a  small 
spur  of  bone  projects  from  the  outside  of  both  metatarsals.  Lesions  marked  by 
arrows. 

Fig.  15.  6  weeks  later.  Repair  of  the  epiphyseal  lesions.  Note  the  general 
enlargement  of  the  distal  ends  of  the  bones  (lateral  metatarsals),  the  loss  of  epi- 
physeal lines,  and  the  thickening  of  the  bones  at  the  site  of  the  lesions.  Adjacent 
areas  of  the  fourth  metatarsals  also  appear  to  be  slightly  altered. 
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Fig.  16.  84  days.  An  unusually  pronounced  case  of  bone  syphilis.  There  is 
necrosis  of  the  right  calcaneus  associated  with  effusion  into  the  surrounding  tissues 
and  swelling  of  the  tarsus,  foot,  and  leg.  Necrosis  of  the  left  lateral  metatarsal 
is  also  present,  with  effusion  and  swelling  of  the  foot  and  tarsus,  and  a  number 
of  lesions  may  be  seen  in  the  phalanges  of  both  feet  (marked  by  arrows).  Patho- 
logical fracture  of  several  of  these  bones  occurred  a  few  days  later. 

Figs.  17  to  21.    Affections  of  the  metatarsals  and  phalanges. 

Plate  71. 

Fig.  17.  92  days.  Periostitis  and  osteitis.  Left  foot:  periostitis  of  all  three 
phalanges  of  the  fifth  toe  and  of  the  second  and  third  phalanges  of  the  fourth  toe. 
Right  foot:  periostitis  of  the  terminal  phalanges  of  the  third  toe  and  of  the  shaft 
of  the  lateral  metatarsal;  osteitis  of  the  proximal  and  distal  ends  of  the  metatarsal 
(note  absence  of  epiphyseal  line)  and  of  the  distal  end  of  the  first  phalanx  of  the 
fifth  toe.     Other  shadows  are  from  cutaneous  lesions. 

Fig.  18.  2  weeks  later.  Left  foot:  necrosis  and  buckling  of  the  second  phalanx 
of  the  fifth  toe  and  loss  of  nail  of  the  fourth  toe.  Right  foot:  necrosis  and  fracture 
of  first  phalanx  of  fifth  toe. 

Fig.  19.  1  year  and  9  months.    Marked  permanent  lesions  of  the  phalanges. 

Plate  72. 

Figs.  20  and  21.  Symmetrical  affections  of  the  lateral  metatarsals  and  pha- 
langes showing  distributional  tendencies. 

Fig.  20.  85  days.  Periosteal  lesions  on  the  lateral  surface  of  the  feet  extending 
from  the  base  of  the  metatarsals  to  the  terminal  phalanges.  Other  toes  are 
slightly  affected,  notably  the  fourth  toe  of  the  left  foot. 

Fig.  21.  85  days.  Serial  lesions  of  the  metatarsals  and  phalanges  illustrating 
the  bead-like  effect  produced  in  the  rabbit's  foot  and  various  degrees  of  bone 
involvement  associated  with  them.- 

'  See  also  Brown,  Pearce,  and  Witherbee  (1),  Fig.  3. 
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(Brown,  Pcarce,  and  Wilherbee:  Experimental  syphilis  in  the  rabbit.    VI.) 
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A  NEW  STRAIN  OF  TRANSMISSIBLE  LEUCEMIA  IN  FOWLS 

(STRAIN  H). 

By  VILHELM  ELLERMANN,  M.D. 

{From  (he  Institute  of  Legal  Medicine,  Copenhagen,  Denmark.) 

(Received  for  publication,  November  11,  1919.) 

In  previous  reports  (1915,  1918)  the  writer  has  described  three  types 
of  leucemia  in  the  fowl,  the  lymphatic,  the  myeloid,  and  the  intra- 
vascular lymphoid'  types.  Reference  has  also  been  made  to  purely 
anemic  forms,  which  appear  to  be  closely  related  to  the  intravascular 
lymphoid  type.  Within  one  type  the  cHnical  picture  of  the  disease 
presents  many  variations,  which  recall  analogous  instances  in  man. 
The  association  with  neoplastic  growths — lymphomata  and  myeloid 
tumors — is  noteworthy.  In  previous  experiments  the  author  has  dem- 
onstrated that  the  various  types  of  leucemic  disease  may  be  produced 
by  the  same  experimental  strain.  Hence  the  conclusion  seems  justi- 
fied that  all  are  produced  by  the  same  virus. 

The  study  here  reported,  with  a  new  strain,  was  undertaken  in 
order  to  verify  previous  findings  and  to  elucidate  the  histogenetic 
processes.  It  deals  with  general  considerations  relating  to  the 
strain,  particularly  the  problem  of  virulence.  The  strain  employed 
was  derived  from  a  hen  with  leucemia  received  on  February  22,  1917, 
from  Professor  Carl  Hansen. 

Protocol  1. — Hen  H.  February  22,  1917.  Color  of  comb  pale.  Hemoglobin 
20  per  cent  (Sahli).  Blood  films  show  well  pronounced  leucemia.  Every 
microscopic  field  reveals  myelocytes,  but  lymphoid  cells  predominate.  These 
cells  have  dark,  round  nuclei  and  a  scanty  border  of  protoplasm.    There  is 

'  The  term  intravascular  lymphoid  leucemia  is  merely  tentative.  In  this  t>'pe, 
which  is  closely  related  to  the  pure  anemic  form,  microscopic  examination  shows 
only  intravascular  deposits  of  lymphoid  cells,  which  are  probably  erythroblasts 
in  early  stages.  The  type  of  disease  must  be  regarded  as  a  severe  anemia  with 
an  excessive  pathological  regeneration.  An  article  on  this  subject  will  appear 
shortly  in  Folia  hamatologica. 
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often  marked  basophilia.  Mitotic  divisions  are  numerous.  There  are  few  typi- 
cal, small  lymphocytes,  polynuclear  cells,  and  large  mononuclear  cells  to  be  seen. 
Erythroblasts  are  found  frequently.  The  oxidase  reaction  reveals  blue  gran- 
ules in  some  myelocytes,  but  the  granules  in  most  of  these  cells  are  unstained. 
Erythrocytes  1,080,000;  leucocytes  720,000.  The  differential  count  of  leuco- 
cytes is  given  in  Table  I. 

February  24,  1917.    Animal  killed. 


TABLE  I. 
Differenli-al  Leucocyte  Count  of  Hen  H. 


Cells. 


Pol>TiucIears 

lUyelocytes 

Large  mononuclears 

Lymphocytes 

Lymphoid  cells .... 


Per  cent. 


No. 


2 

14,400 

15 

108,000 

4 

28,800 

4 

28,800 

75 

540,000 

7^- 

Autopsy. — Liver. — Greatly  enlarged;  weight  156  gm.  Color  broWnish,  with 
numerous  fine  white  spots  on  surface.  These  can  barely  be  seen  on  the  cut  sur- 
face. Spleen. — Enormously  enlarged;  weight  40  gm.  Bluish  red  in  color.  Cut 
surface  quite  uniform.  Kidneys. — Brown  with  very  fine  white  spots.  Weight 
of  right  kidney  8  gm.  Heart. — On  anterior  side  shows  a  large  white  spot  the  size 
of  a  hemp-seed.  Lungs,  stmnach,  intestines,  thymus,  lanes,  and  skin. — Show  no 
pathological  changes. 

Microscopic  Examination. — Liver. — Shows  a  number  of  medium  sized  peri- 
portal cell  infiltrations,  containing  tjT^ical  myelocytes.  Non-granular  cells  are 
absent.  The  capillaries  are  markedly  dUated  and  filled  with  large,  round  Ijon- 
phoid  cells  and  scanty  myelocytes  and  er>'throcytes.  The  cell  masses  produce 
complete  injection  of  the  capillary  network.  Spleen. — Only  mere  traces  of  fol- 
licles are  seen.  Pulp  well  filled  with  large  lymphoid  cells,  which  often  show 
mitotic  division.  Perivascular  layers  of  myelocytes  are  rarely  encountered. 
Bone  marrow. — The  trabecute  are  partly  atrophic  and  contain  smaU  dark  cells. 
Some  are  of  normal  size  and  contain  myelocytes.  Fat  cells  are  reduced  in  num- 
ber. Kidney. — Interstitial  infiltration  with  myelocytes  in  the  superficial  cortical 
layer.  Capillaries  often  fuU  of  large  lymphoid  cells.  Heart. — The  white  nodule 
consists  of  large  cells,  with  oval  nuclei  and  large  masses  of  protoplasm  without 
granules.  Typical  myelocytes  are  seen.  Intestine. — In  the  deeper  portions  of 
the  mucous  membrane  of  the  colon  are  found  myelocytes  in  thin  layers. 

The  case  is  one  of  typical  leucosis  with  leucemia.  The  blood  picture 
is  characterized  by  the  large  number  of  leucocytes  (myelocytes  and 
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large  lymphoid  fonns) .  The  histological  examination  shows  marked 
filling  of  the  capillaries  of  various  organs  mth  leucocytes  (leuco- 
stasis)  and  interstitial  deposits  of  myelocytes  in  the  liver,  spleen, 
and  kidneys.  The  case  represents  a  mLxture  of  the  myeloid  and  the 
intravascular  Ijonphoid  types  of  disease. 

Eight  normal  hens  were  inoculated  into  the  wing  vein  with  citrated 
blood  from  the  original  fowl.  One  of  the  inoculated  birds  developed 
leucosis.  The  inoculations  were  then  continued  through  twelve 
generations.  In  all,  122  birds  were  inoculated.  In  34  instances  (28 
per  cent)  the  inoculations  gave  positive  results.  For  comparison  it 
may  be  mentioned  that  Ellermann  and  Bang  (1908,  a,  b,  1909)  had  39 
per  cent  positive  results  from  Strain  A;  Hirschfeld  and  Jacoby 
(1910),  44  per  cent;  Ellermann  (1918),  22  per  cent  from  Strain  E;  and 
Schmeisser,  33  per  cent.  One  constantly  finds  a  certain  percentage 
of  birds  immune.  The  resistance  is  not,  however,  constant,  as  by 
repeated  inoculations  it  may  be  possible  to  transmit  the  disease  to 
fowls  originally  immune.  Both  these  facts  were  again  confirmed  by 
the  experiments  made  with  Strain  H. 

Virulence  of  Inoculation  Material. 

In  a  previous  article  (Ellermann  and  Bang,  1909)  it  was  pointed 
out  that  the  number  of  takes  in  a  single  experiment  may  vary  to  a 
large  extent.  Hence  it  is  necessary  to  employ  a  considerable  number 
of  birds  in  order  to  obtain  positive  results.  If,  for  example,  only  five 
fowls  are  used,  it  often  happens  (in  about  25  per  cent  of  the  experi- 
ments) that  the  outcome  is  negative  notwithstanding  the  high  degree 
of  \drulence  possessed  by  the  inoculation  material.  By  using  a  larger 
number  of  fowls,  the  chances  of  obtaiiiing  positive  results  are  increased, 
and  with  as  many  as  twelve,  transmission  of  the  disease  is  practi- 
cally certain.  For  the  sake  of  economy,  the  writer  was  limited  to 
eight  fowls  for  each  transmission  experiment,  with,  as  a  result,  some- 
what lessened  chances  of  a  successful  outcome.  None  of  the  fowls  may 
acquire  the  disease,  or,  on  the  other  hand,  all  may  become  infected. 
In  the  latter  instance,  we  should  not  be  justified  in  drawing  the  con- 
clusion that  the  virus  had  a  high  degree  of  virulence.  This  variability 
in  infectivity  is  shown  in  Table  II.     It  would  be  advantageous  if 
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it  were  possible  to  increase  the  number  of  infected  animals,  either 
by  lowering  the  natural  resistance  of  from  60  to  70  per  cent  of  the 
fowls  or  by  augmenting  the  virulence  of  the  inoculation  material. 
Attempts  to  lower  the  resistance  by  bleeding  or  hunger,  made  in 
previous  experiments,  were  unsuccessful.  An  experiment  of  this 
character  was  undertaken  with  the  present  strain.  Before  inocula- 
tion of  the  leucosis  virus  an  injection  of  tuberculin  was  given  in  eight 
fowls.    The  disease  developed  rapidly,  appearing  2  or  3  weeks  after 

TABLE   II. 
Number  of  Fowls  Injected  with  Strain  H. 


Generation. 

No.  of  fowls  inoculated. 

No.  of  fowls  infected. 

Percentage  infected. 

1 

8 

1 

13 

2 

20 

7 

35 

3 

8 

5 

63 

4 

16 

2 

13 

5 

16 

3 

19 

6 

8 

1 

13 

7 

8 

3 

38 

8 

6 

1 

17 

9 

8 

4 

SO 

10 

S 

4 

50 

11 

8 

2 

25 

12 

8 

1 

13 

inoculation,  and  the  fowls  died  after  a  short  interval — only  32  days. 
It  has  not  been  possible  to  repeat  the  experiment,  but  probably  this 
result  was  accidental  and  can  be  explained  in  some  other  way. 

A  study  of  Table  III,  which  gives  the  duration  of  illness  in  the 
successive  generations  of  inoculated  fowls,  shows  a  progressive  short- 
ening of  the  period.  At  the  beginning  of  the  series  the  duration  of 
the  disease  from  the  time  of  inoculation  to  death  was  15  to  20  weeks, 
while  at  the  end  it  was  only  6  to  8  weeks.  This  shortening  of  the 
duration  of  the  disease  must  be  considered  as  attributable  to  increased 
virulence  of  the  virus." 


-  Nothing  can  be  stated  concerning  the  true  nature  of  the  virulence,  as  differ- 
ent degrees  of  virulence  may  exist. 
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A  graphic  representation  of  the  reduction  in  duration  of  the  disease 
is  given  in  Text-fig.  1.  While  the  curve  is  not  absolutely  regular, 
the  fall  is  distinct.     The  lack  of  regularity  may  be  accounted  for  by 

TABLE   III. 
Duration  of  the  Disease  with  Strain  H  from  the  Time  of  Inoculation  to  Death. 


Generation. 

Duration  of  disease. 

days 

1 

>133 

2 

121 

3 

80 

4 

96 

5 

97 

6 

113 

7 

94 

8 

69 

9 

32 

10 

49 

11 

56 

12 

29 

Days 


IHU 

120 

100 

80 

60 

40 

^ 

1 

1 

\ 

A 

k. 

\ 

i 

\ 

L 

r 

N 

\ 

\ 

,/ 

H 

k 

\ 

t' 

^ 

1 

Generation  1     2     3     4    5    6     7    8     9    10    11    12 

Text- Fig.  1.  Duration  of  the  disease  with  Strain  H. 


the  irregularity  in  the  sixth  generation,  caused,  however,  by  only  a 
single  case.  The  fall  in  the  ninth  generation,  in  which  the  fowls  had 
been  treated  with  tuberculin  pre\aous  to  inoculation,  is  not  very 
striking  in  comparison  with  the  preceding  part  of  the  curve. 
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Text-figs.  2  and  3  are  based  on  former  experiments  made  with 
Strains  E  and  D.  It  will  be  observed  that  these  curves  are  similar 
to  that  of  Text-fig.  1.  The  curve  of  Text-fig.  2  is  very  regular. 
By  comparing  the  three  curves  it  will  be  seen  that  the  duration  in 
the  first  generation  is  about  the  same  for  the  three  strains.  It  must 
be  added  that  the  quantity  of  material  inoculated  varied  somewhat 
in  the  different  experiments.  As  a  rule,  however,  the  amount  con- 
sisted of  a  blood  suspension  corresponding  to  2  drops  of  blood  of 
the  sick  fowl.  Sometimes  1  cc.  of  a  centrifuged  tissue  emulsion  was 
used.    A  study  of  this  point  shows  that  the  variations  in  the  curves 


Days 
180 


GenEration  12     3    4     5     6 

Text-Fig.  2.  Duration  of  the  disease 
with  Strain  E. 


Generation  12     3 

Text-Fig.  3.  Duration  of  the 
disease  with  Strain  D. 


cannot  be  explained  on  the  basis  of  the  quantity  inoculated.  Hence 
it  is  possible  to  increase  the  \'irulence  of  the  virus  of  leucosis  by  pas- 
sage. This  finding  suggests  similar  results  obtained  with  another  fil- 
terable virus;  namely,  that  of  hydrophobia.  By  inoculating  the  street 
virus  of  a  spontaneous  case  the  incubation  period  decreases  with 
each  generation,  until  it  reaches  a  fixed  point.  The  increased  viru- 
lence of  the  virus  of  leucosis  used  in  the  fowl  is  shown  by  a  shortening 
in  the  duration  of  the  iUness.  It  is  noteworthy,  however,  that  there 
is  no  coincident  rise  in  the  number  of  successful  infections.  It 
appears  doubtful  whether  any  increase  in  the  number  of  infections 
can  be  obtained  through  increased  virulence  of  the  virus. 


VILHELM  ELLERMANN  545 

The  shortening  of  the  duration  of  the  disease  with  continued  passage 
was  partly  overlooked  in  former  experiments,  and  partly  explained 
in  another  way.  It  was  believed  that  the  duration  was  determined 
by  the  type  of  the  disease;  that  is,  that  the  intravascular  lymphoid 
cases  had  a  shorter  duration  than  the  lymphatic  cases.  This  view- 
point cannot,  however,  now  be  maintained.  The  main  factor,  appar- 
ently, is  the  position  of  the  individual  case  in  the  series  of  generations. 
Hirschfeld  and  Jacoby  (1910)  were  correct  in  their  assertion  that  the 
length  of  the  incubation  period  is  an  indicator  of  the  degree  of  viru- 
lence. With  Strain  A  of  Ellermann  and  Bang,  which  had  required  an 
incubation  period  of  about  8  weeks  in  the  first  generation,  they  ob- 
served an  incubation  period  of  6  weeks  at  the  beginning  of  their  series, 
which  later  decreased  to  4  weeks.  The  conclusions  of  Hirschfeld 
and  Jacoby  seem,  however,  to  be  based  on  a  very  small  series  of 
observations,  and  the  use  of  the  incubation  period  as  an  indicator 
of  virulence  has  disadvantages.  For  instance,  the  time  of  onset  of 
the  disease  cannot  be  established  accurately  if  the  onset  is  gradual 
or  the  course  intermittent.  In  the  lymphatic  cases  we  cannot  use 
the  term  incubation  period,  inasmuch  as  anemia  and  blood  changes 
are  usually  absent. 

Ty^es  of  Disease. — It  was  observed  with  Strains  D  and  E  that  the 
type  of  the  resulting  disease  appeared  to  vary.  Strain  D,  which 
originated  from  an  intravascular  lymphoid  case,  produced  in  the 
first  generation  a  myeloid,  and  in  the  second  generation  a  lymphatic 
case.  From  Strain  E,  originating  from  a  lymphatic  case,  a  series  of 
lymphatic  and  intravascular  cases,  and  also  a  few  myeloid  cases, 
resulted. 

Table  IV  shows  the  results  of  experiments  with  Strain  H,  which 
was  obtained  from  a  case  of  mixed  myeloid-intravascular  character. 
In  the  first  eleven  generations  we  find  myeloid,  intravascular  lym- 
phoid, and  anemic  cases,  while  in  the  twelfth  generation  a  lymphatic 
case  suddenly  appears.  Table  V  gives  the  number  of  cases  of  each 
type. 

The  observations  made  on  Strain  H  confirm  the  finding  of  a  varia- 
tion in  the  type  of  disease.  The  clinical  pictures  are  varied,  and  inter- 
mediary forms  difficult  to  classify  are  also  present.  A  change  from 
the  myeloid  to  the  lymphatic  type,  or  the  reverse,  is  rare.     Caution 
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is  necessary  in  diagnosing  cases,  and  the  possibility  of  occasional 
spontaneous  cases  must  be  kept  in  mind.  Each  strain  seems  to  have 
a  tendency  to  produce  a  certain  type  of  disease.     Strain  E,  for  instance, 

TABLE  IV. 
Types  of  Disease  Obtained  with  Strain  H. 


Generation. 

Types  of  cases. 

1 

Intravascular  (No.  1). 

2 

Anemic  (No.  2);  intravascular  (Nos.  3,  4,  S,  and  7);  myeloid  (No.  6);  mye- 

loid and  intravascular  (Xo.  8). 

3 

Intravascular  (Nos.  9  and  14);  myeloid  (Nos.  10  and  11);  anemic  (Nos.  12 

and  13). 

4 

Anemic  (Nos.  15  and  19);  myeloid  (Nos.  16  and  17);  intravascular  (No.  18). 

5 

Intravascular  (Nos.  20,  21,  and  22). 

6 

(No.  23). 

7 

"           (Nos.  24  and  25) ;  myeloid  (No.  26). 

8 

(   "     27    "    28). 

9 

("     29,  30,  and  32);  myeloid  (No.  31). 

10 

("     33  and  35);  myeloid  (Nos.  34  and  36). 

11 

(No.  37);  myeloid  (No.  38). 

12 

Lymphatic  (No.  39). 

TABLE   V. 
Number  of  Cases  of  Different  Types  Produced  by  Strain  H. 


Type  of  case. 


Intravascular  and  anemic . 

Myeloid  (leucemic) 

"       (aleucemic) 

Lymphatic 


Total . 


No. 


27 
9 
2 
1 


39 


produces  mainly  intravascular  and  lymphatic,  and  Strain  H  chiefly 
intravascular  and  myeloid  cases.  It  appears,  then,  that  the  same 
virus  at  times  produces  a  myelotrophic  and  at  other  times  a  lympho- 
trophic  effect.     Further  investigation  is  needed  to  elucidate  this  point. 
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Serological  Properties  of  Different  Types. 

An  attempt  to  find  isohemolysins  or  isoagglutinins  gave  negative 
results.  On  the  other  hand,  it  was  found  that  the  hemolytic  power 
of  the  serum  against  rabbit  erythrocytes  was  diminished  in  a  fowl 
showing  anemia.  While  normal  fowl  serum  dissolved  rabbit  eryth- 
rocytes in  about  6  minutes,  it  required  a  considerably  longer  period 
to  produce  hemolysis  with  serum  from  the  anemic  fowl.  The  condi- 
tions of  the  experiment  were  identical  in  both  cases. 


TABLE  VI. 
Hemolysis  in  Cases  of  Intravascular  Lymphoid  Leucosis. 


Fowl  No. 

Date. 

Hemoglobin 
(corrected). 

Length  of 

time  required  for 

hemolysis. 

Length  of  time 
required  for  hemol- 
ysis in  normal 
serum  control. 

1917 

per  cent 

min. 

min. 

5 

Sept.  25 

30 

15 

5 

Oct.      7 

42 

14 

8 

7 

1 

75 

16 

8 

"      17 

58 

12 

5 

3 

"        3 

33 

20 

8 

"      17 

25 

10 

5 

13 

"      27 

25 

10 

6 

TABLE  VII. 
Hemolysis  in  Cases  of  Myeloid  Leucosis. 


Fowl  No. 

Date. 

Hemoglobin 
(corrected). 

Length  of 

time  required  for 

hemolysis. 

Length  of  time 
required  for  hemol- 
ysis in  normal 
serum  control. 

8 
6 

17 

1917 
Oct.  4 
Nov.  1 

"      3 

Per  cent 
42 

33 

min. 

10 
6 

5 

tnin. 

8 
6 

7 

The  technique  employed  was  that  described  below.  Rabbit  blood  was 
mixed  with  one-tenth  of  its  volume  of  a  10  per  cent  solution  of  sodium 
citrate.  After  centrifugation,  the  blood  corpuscles  were  used  directly, 
without  washing,  for  making  a  3  per  cent  suspension  in  0.9  per  cent  solu- 
tion of  sodium  chloride.  The  fowl  serum  was  prepared  by  keeping  the 
blood  in  a  cool  room  for  24  hours.    0.1  cc.  of  blood  suspension  was 
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added  to  0.2  cc.  of  the  active  serum  by  means  of  a  capillary  pipette 
in  such  a  manner  as  to  produce  an  instantaneous  mixture.'  Tables 
VI  and  VII  give  the  results  of  these  experiments.  The  former  com- 
prises four  cases  of  intravascular  lymphoid  leucosis.  It  will  be  seen 
that  in  comparison  with  normal  serum  it  required  twice  as  long  to 
produce  hemolysis  in  these  cases.  It  can  scarcely  be  asserted  that 
the  anemia  is  the  causative  factor,  as  the  percentage  of  hemoglobin 
was  not  exceedingly  low  in  any  case.  In  one  instance  (the  first 
experiment  with  No.  7)  there  was  no  reduction  of  hemoglobin,  the 
percentage  being  the  same  as  before  inoculation. 

TABLE   VIII. 
Titrations  to  Test  Hemolytic  Power. 


Fowl  No. 

Date. 

Titer. 

Titer  of  normal 
control. 

mn 

3 

Oct.  17 

1:4 

1:8 

7 

"    17 

1:4 

1:8 

13 

"    27 

1:4 

1:8 

The  findings  are  quite  different  in  Table  VII,  which  shows  two  cases 
(Nos.  6  and  17)  of  tj'pical  myeloid  leucemia,  and  a  mixed  case  (No. 
8)  characterized  by  a  myeloid  subleucemic  blood  picture  and  myelosis 
combined  mth  intravascular  leucostasis  of  the  organs.  In  the  mixed 
case  there  appears  to  be  a  slight  retardation  of  hemolysis,  but  in  the 
two  cases  of  myeloid  leucemia  there  is  no  diminution  of  hemolytic 
power.  On  the  contrary,  the  hemolysis  with  serum  from  Fowl  17 
is  more  rapid  that  that  of  the  control.  In  view  of  these  observations 
it  is  suggested  that  the  power  to  produce  hemolysis  may  depend 
upon  the  presence  of  myeloid  tissue.  This  tissue,  which  was  negligi- 
ble in  the  first  group  of  cases,  was  increased  in  the  second  group. 

Although  the  experiments  are  few  in  number  the  phenomenon  of 
a  retardation  in  hemolysis  appears  to  be  a  well  established  fact.  As 
the  determination  of  the  moment  of  complete  hemolysis  depends  to 
a  certain  extent  on  the  personal  element,  as  a  matter  of  precaution 
titrations  were  done  to  test  the  hemolytic  power  in  some  cases  in 

^  Agglutination  of  the  erythrocytes  invalidates  the  experiment. 
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Table  VI.  A  series  of  dilutions  (1:1,  1:2,  1:4....  1 :64)  was  made  of 
active  serum.  After  the  components  had  been  mixed  as  described 
above,  they  were  kept  at  a  temperature  of  60° C.  for  2§  hours  and  were 
shaken  and  placed  in  a  cool  room  until  the  following  day.  The 
results  are  shown  in  Table  VIII. 

The  titer,  that  is  the  dilurion  at  which  complete  hemolysis  is  ob- 
tained, is  shown  to  be  in  the  case  of  the  leucemic  fowls  about  half 
that  of  the  normal  controls.  This  corresponds  to  the  retardation 
of  hemolysis  which  has  been  described. 

Further  Experiments. 

Filtration  of  Inoculation  Material. — Previous  experiments  by  Eller- 
mann  and  Bang  (1908,  a,  b,  1909)  and  EUermann  (1913,  1918)  have 
proved  that  the  virus  is  filterable,  and  that  intact  ceUs  are  not  neces- 
sary in  order  to  transmit  the  disease.  As  other  investigators  have 
had  small  success  with  positive  filtration  experiments,  the  results  of 
an  experiment  with  Strain  H  are  given  below. 

15  gm.  of  the  organs  of  Hen  1  (first  experimental  generation) 
were  mixed  with  0.9  per  cent  salt  solution.  This  emulsion  was  filtered 
through  cotton  and  diluted  to  make  100  cc.  The  fluid  was  passed 
through  a  Berkefeld  filter  No.  12.  The  filtrate  was  completely  clear 
and  gave  no  growth  on  agar  or  broth,  while  the  control  from  the  un- 
filtered  emulsion  gave  rise  to  a  rich  growth.  Ten  normal  birds  (Nos. 
7,  8,  18,  and  40  to  46)  were  inoculated  with  the  filtrate,  each  receiving 
1  cc.  Two  fowls  (Nos.  7  and  8)  became  infected.  The  incubation 
period  and  the  total  duration  of  the  disease  did  not  differ  from  those 
of  the  controls  inoculated  with  unfiltered  material. 

Immunization  Experiments. — Since  experiments  conducted  by  EUer- 
mann and  Bang  and  Hirschfeld  and  Jacoby  have  shown  that  subcuta- 
neous inoculation  does  not  infect  fowls,  it  was  decided  to  attempt 
immunization  in  this  manner.  Eight  normal  hens  (Nos.  14  and  47 
to  53)  were  inoculated  subcutaneously  with  an  emulsion  of  leucemic 
organs  (No.  8) ,  each  hen  receiving  2  cc.  3  weeks  later  the  birds  received 
an  intravenous  injection  of  emulsion  from  another  infected  hen  (No. 
5).  One  bird  died  2^  months  later.  The  postmortem  and  micro- 
scopic examinations  showed  a  well  marked  leucosis.    Hence  it  ap- 
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peared  that  the  subcutaneous  injection  of  virulent  material  had  not 
produced  immunity. 

Inoculation  of  Cilraled  Blood  Plasma. — These  experiments  were 
made  in  order  to  determine  whether  the  virus  is  localized  in  the  blood 
corpuscles  or  in  the  plasma  or  in  both.  30  drops  of  blood  were 
placed  in  a  mi.xture  of  a  0.9  per  cent  salt  solution  and  10  per  cent 
sodium  citrate.  After  vigorous  centrifugation  the  upper  portion  of 
the  clear  fluid  was  taken  up  in  a  sterile  syringe  and  injected  into 
eight  normal  hens  (Nos.  15  and  54  to  60);  eight  other  hens  (Nos.  16 
and  61  to  67)  received  injections  of  the  blood  cells.  It  was  found  that 
one  fowl  of  each  group  (Nos.  15  and  16)  contracted  the  disease. 

In  the  experiments  undertaken  with  another  series  of  birds  (Nos. 
20  and  68  to  82)  only  one  positive  result  was  obtained  with  blood  cor- 
puscles, none  with  the  plasma  series.  The  objection  might  be  raised 
that  the  separation  of  blood  corpuscles  and  plasma  cannot  be  con- 
sidered effective,  although  this  procedure  is  preferable  to  filtration, 
which  injures  the  cells.  The  experiments  seem  to  suggest  that  the 
virus  is  contained  in  the  blood  plasma.  Nothing  has  been  determined 
concerning  the  relation  of  the  blood  corpuscles  to  the  virus.  As  it 
would  hardly  seem  possible  to  remove  a  virus  adherent  to  the  surface 
of  the  cells,  this  has  not  been  tried. 

Inoculation  with  Human  Material. — This  experiment  has  no  relation 
to  the  strain  of  fowl  leucosis.  It  was  undertaken  solely  to  determine 
whether  the  disease  in  man  and  that  in  the  fowl  are  caused  by  the 
same  agent.  Von  Wiczowsky  reports  positive  results  in  an  experiment 
of  this  kind.  On  the  other  hand,  experiments  made  by  Hirschfeld 
and  Jacoby  (1909)  and  by  Wechselmann  and  Hirschfeld  were  negative. 
A  priori,  the  chances  of  a  successful  experiment  seemed  small,  as  at- 
tempts made  to  infect  other  birds  of  closely  related  species  by  means 
of  fowl  material  have  always  failed.  2  cc.  of  blood  taken  from  a 
patient,  aged  43  years,  suffering  from  myeloid  leucemia  in  Bispebjorg 
Hospital,  were  mixed  with  a  sodium  citrate  solution.  2  hours  later 
this  blood  suspension  was  injected  into  eight  normal  hens  (Nos.  83 
to  90).  The  fowls  were  observed  during  a  period  of  6  months,  but  no 
symptoms  of  disease  were  discovered.  Hence  it  seems  doubtful 
whether  the  experiment  of  von  Wiczowsky  can  be  accepted.  It  is 
probable  that  every  species  has  its  own  particular  form  of  leucemia 
which  cannot  be  transmitted  to  other  species. 
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SUMlil.A.RY. 


1.  A  new  strain  of  fowl  leucosis  has  been  transmitted  through  twelve 
generations  of  fowls. 

2.  An  increase  in  virulence  was  observed  during  its  passage.  This 
was  shown  in  a  shortening  of  the  interval  between  inoculation  and 
death.  The  increase  in  varulence  does  not  affect  the  number  of  suc- 
cessful inoculations,  which  remains  appro.ximately  constant  in  from 
20  to  40  per  cent  of  the  birds  employed. 

3.  As  with  former  strains,  the  disease  manifests  itself  in  various 
forms;  i.e.,  myeloid  and  intravascular  lymphoid  types.  A  single 
IjTiiphatic  case  was  observed. 

4.  In  several  intravascular  cases  a  diminution  in  the  hemolytic 
power  of  the  serum  was  established.  This  phenomenon  was  absent 
in  a  number  of  myeloid  cases. 

5.  Active  immunization  cannot  be  produced  by  means  of  the  sub- 
cutaneous injection  of  \drulent  material. 

6.  The  finding  of  previous  experiments  that  the  \irus  is  filterable 
has  been  confirmed. 

7.  The  inoculation  of  human  leucemic  material  into  fowls  gave 
negative  results. 
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It  is  generally  held  that  a  person  infected  with  the  virus  of  syphilis 
becomes  practically  immune  to  a  second  infection — that,  with  the 
development  of  the  initial  lesion,  a  condition  becomes  established 
which  makes  it  difficult  or  impossible  to  superimpose  a  second  infec- 
tion upon  the  one  already  present  and  that  this  refractory  state  is 
maintained  as  long  as  an  infection  exists.  As  far  as  they  have  been 
tested,  human  and  animal  experiences  are  in  essential  agreement  upon 
these  points. 

In  the  absence  of  any  evidence  to  the  contrary,  it  has  been  assumed 
that  the  principles  contained  in  this  conception  of  syphilitic  immunity 
apply  to  treated  as  well  as  to  untreated  cases  of  infection  and  many 
syphilographers  have  regarded  the  appearance  of  fresh  lesions  of  the 
chancre  type,  under  circumstances  which  would  indicate  a  new  infec- 
tion, as  the  most  conclusive  evidence  of  the  cure  of  the  previous 
infection.  There  are  some,  however,  who  have  questioned  the  valid- 
ity of  so  called  reinfections,  and  others  who  have  objected  to  their 
interpretation  as  evidence  of  cure.  Granting  that  the  class  of  cases 
referred  to  represents  instances  of  true,  second  infection,  an  alterna- 
tive interpretation  of  such  occurrences  has  recently  been  presented 
by  Jacobi  (1)  in  which  it  is  suggested  that  the  reaction  to  a  second 
inoculation  may  be  viewed  more  as  an  expression  of  an  existing  state 
of  immunity  than  as  evidence  of  the  presence  or  absence  of  infection. 

*  The  results  of  the  experiments  reported  in  this  paper  were  demonstrated  at 
the  All-America  Conference  on  Venereal  Diseases,  Washington,  D.  C,  December 
6  to  11,  1920. 
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The  situation  which  exists  with  reference  to  the  immunity  of  infected 
individuals,  the  possibilities  of  superinfection  or  reinfection,  and  hence 
the  interpretation  to  be  placed  upon  the  appearance  of  manifestations 
of  disease  which  give  every  evidence  of  being  due  to  a  new  infection 
are  both  complicated  and  obscure.  Until  the  introduction  of  modem 
methods  of  spirocheticidal  therapy,  instances  of  so  called  reinfection 
were  comparatively  rare,  and  interest  in  the  subject  was  largely  a 
theoretical  one.  Within  the  past  few  years,  however,  the  literature 
has  contained  numerous  reports  of  reinfection  following  treatment 
with  arsphenamine  or  neoarsphenamine,  and  the  interpretation  to  be 
placed  upon  these  occurrences  has  become  a  matter  of  immediate 
practical  importance.  Where  the  evidence  of  a  new  infection  seemed 
sufficient,  the  general  tendency  has  been  to  accept  such  infections 
as  proof  of  a  cure,  and  this  would  appear  to  be  the  logical  interpre- 
tation unless  it  can  be  shov\Ti  that  under  circumstances  such  as  have 
existed  in  these  cases,  superinfection  becomes  possible.  An  element 
of  uncertainty  is  introduced  by  the  treatment  employed,  since  prac- 
tically nothing  is  knowTi  concerning  the  influence  of  such  drugs  as 
arsphenamine  and  neoarsphenamine  upon  sj^hilitic  immunity. 

The  point  at  issue,  therefore,  is  not  so  much  a  question  of  the  immu- 
nity conferred  by  syphilitic  infection  as  it  is  the  effect  which  giv^en 
therapeutic  agents  may  have  upon  the  resistance  of  infected  indi- 
viduals, whether  native  or  acquired,  and  upon  any  spirochetes  which 
may  sur\ive  their  action.  Presented  in  this  form,  the  problem  of 
reinfection  may  be  approached  experimentally  as  one  of  the  influence 
of  drug  action  upon  immunity  and  infection,  and  experiments  have 
been  carried  out  in  animals  for  the  purpose  of  determining  the  effect 
of  subcurativ-e  doses  of  arsphenamine  and  of  neoarsphenamine  upon 
the  resistance  of  infected  animals  to  reinoculation.  These  experi- 
ments were  divided  into  two  groups  according  to  the  stage  or  progress 
of  the  infection,  and  the  work  to  be  reported  in  this  paper  deals  with 
the  results  of  treatment  and  reinoculation  of  animals  v^ith  early  but 
marked  prunary  lesions. 

EXPERIMENTAL. 

The  experiments  to  be  reported  consisted  of  the  infection  and  treat- 
ment of  two  sets  of  rabbits — one  with  arsphenamine  and  the  other 
with  neoarsphenamine — after  which  they  were  reinoculated  for  the 
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puipose  of  determining  their  susceptibility  to  a  new  infection  as  indi- 
cated by  the  production  of  lesions  at  the  site  of  inoculation.  The 
results  of  the  experiments  were  controlled  in  four  ways,  (1)  as  to  the 
effects  of  the  treatment  employed,  (2)  as  to  the  immunity  developed 
by  the  infection,  (3)  as  to  the  relative  susceptibiHty  of  normal  animals 
as  indicated  by  their  reaction  to  the  virus  used  in  the  reinoculation 
experiments,  and  (4)  by  the  use  of  a  virus  of  essentially  the  same 
virulence  as  that  causing  the  existing  infection. 

All  animals  were  kept  under  observation  for  a  minimum  of  8  weeks 
after  treatment  while  the  therapeutic  controls  were  held  for  4  months 
as  a  means  of  affording  a  more  accurate  estimation  of  the  status  of 
the  infection  existing  after  treatment. 

Infection  of  the  Animals  Used. — The  animals  used  were  inoculated 
in  both  testicles  with  0.2  cc.  of  an  emulsion  containing  one  to  three 
spirochetes  to  the  microscopic  field  (Nichols  strain).  The  object  in 
view  was  the  production  of  an  intense  infection  which  would  confer 
a  high  degree  of  protection  against  reinoculation  within  a  short  period 
of  time.  The  incubation  period  of  the  testicular  lesions  averaged 
about  10  days  and  the  lesions  developed  very  rapidly;  at  the  end  of 
18  days  the  testicles  were  markedly  enlarged  and  indurated,  and  in 
some  instances  there  was  an  edema  of  the  scrotum,  indicating  that 
the  lesions  were  approaching  the  height  of  their  first  cycle  of  develop- 
ment. The  animals  were  then  divided  into  three  groups  according 
to  the  degree  of  development  of  the  testicular  lesions:  Five  animals 
with  the  most  advanced  infections  were  placed  in  the  group  to  be 
treated  and  reinoculated;  five  others  with  the  least  advanced  lesions 
were  set  aside  as  infected  controls  to  be  reinoculated  at  the  same 
time  as  the  treated  animals;  while  a  third  group,  consisting  of  animals 
showing  various  degrees  of  testicular  involvement,  were  treated  as 
therapeutic  controls  for  the  reinoculated  animals  of  the  first  group. 

Treatment. — Treatment  was  carried  out  18  days  after  inoculation 
by  the  intravenous  administration  of  a  single  dose  of  arsphenamine 
or  neoarsphenamine.  The  products  used  were  of  the  original  German 
manufacture,  being  from  Lots  A  25819  and  A  25884  respectively.  The 
arsphenamine  was  neutralized  by  the  addition  of  the  theoretical 
amount  of  n  sodium  hydroxide  to  form  the  disodium  salt,  and  both 
substances  were  administered  in  a  0.2  per  cent  solution. 
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The  drugs  were  employed  in  the  equivalent  amounts  as  stated  by 
the  manufacturer.  The  doses  used  were  6  mg.  of  arsphenamine 
per  kilo  of  body  weight  and  9  mg.  of  neoarsphenamine.  The  selection 
of  these  doses  was  based  upon  known  values  of  therapeutic  action 
for  arsphenamine  rather  than  neoarsphenamine  and  represented  an 
attempt  to  use  a  dose  of  this  drug  which  in  the  average  animal  of  the 
group  would  yield  a  therapeutic  effect  of  a  definite  character;  namely, 
a  regression  of  lesions  approximating  complete  resolution  with  free- 
dom from  recurrence  for  4  to  6  weeks  followed  by  clinical  relapse 
within  a  period  of  not  more  than  2  to  3  months.  The  ability  to  gauge 
these  effects  correctly  was  considered  to  be  one  of  the  two  most  essen- 
tial features  of  the  experiments,  the  other  being  reinoculation. 

Twelve  rabbits  were  treated  with  each  of  the  drugs  in  the  manner 
described;  live  of  them  were  subsequently  reinoculated  and  the  seven 
others  held  as  therapeutic  controls. 

Reinoculation. — Reinoculation  of  treated  and  untreated  animals 
was  carried  out  on  the  24th  day  of  the  infection  (5  days  after  treat- 
ment). In  order  that  there  might  be  as  little  difference  as  possible 
in  the  virulence  of  the  organisms  used  for  reinoculation  and  those 
producing  the  original  infection,  the  virus  used  was  obtained  from  an 
animal  of  the  same  series  as  those  to  be  reinoculated.  This  was,  in 
a  sense,  a  measure  of  control.  Each  animal  received  an  intracuta- 
neous injection  of  0.2  cc.  of  an  emulsion  containing  one  to  three 
spirochetes  to  the  microscopic  field  at  two  widely  separated  points, 
the  ventral  surface  of  the  sheath  and  the  base  of  the  right  ear  in  the 
region  of  the  posterior  marginal  vein  (see  illustrations).  It  wiO  be 
noted  that  one  of  these  points  was  in  close  proximity  to  the  original 
lesions  and  the  other  as  far  removed  as  was  practicable.  This  choice 
of  sites  for  reinoculation  was  determined  in  part  by  the  susceptibility 
of  skin  areas  and  in  part  was  used  as  a  means  of  checking  the  exten- 
sion of  the  immunity  in  control  animals. 

Reinoculations  were  timed  both  with  reference  to  the  possible  reten- 
tion of  drug  in  a  biologically  active  state  and  with  reference  to  the 
progress  of  drug  effects,  the  intention  being  to  reinoculate  as  early  as 
possible  so  as  to  give  the  best  opportunity  for  the  development  of 
lesions  before  recurrence  of  the  original  lesions  took  place. 

Methods  of  Control. — The  results  of  the  experiments  outlined  were 
controlled  in  four  ways: 
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1.  Therapeutic  Controls. — In  order  to  avoid  any  confusion  which 
might  arise  from  an  attempt  to  interpret  therapeutic  effects  obtained 
in  animals  which  had  been  reinoculated,  seven  rabbits  from  each  of 
the  treated  groups  were  held  under  observation  for  the  purpose  of 
determining  as  nearly  as  possible  the  effect  which  had  been  produced 
upon  the  original  infection  by  the  treatment  employed. 

2.  Infected  Controls. — Five  infected  rabbits  of  the  same  series  as 
those  used  for  treatment  were  reinoculated  in  the  manner  described 
with  the  same  material  as  that  used  for  reinoculation  of  the  treated 
animals  and  for  the  inoculation  of  the  normal  controls. 

3.  Normal  Controls. — The  relative  susceptibility  of  normal  animals 
to  the  virus  used  for  reinoculation  was  controlled  by  the  inoculation 
of  three  normal  rabbits  carried  out  in  the  same  manner  as  that  of 
treated  animals.     These  will  be  referred  to  as  normal  controls. 

4.  Virus  Control. — As  a  means  of  insuring  equality  in  the  virulence 
of  the  spirochetes  originally  introduced  and  those  used  for  the  second 
inoculation,  the  reinoculations  were  made  with  material  taken  from 
a  testicle  of  an  animal  of  the  sam^e  series  as  those  to  be  reinoculated. 

Effects  of  Treatment. 

A  consideration  of  the  results  obtained  from  the  experiments  out- 
lined above  should  logically  begin  with  the  effects  of  the  treatment 
employed.  Following  administration  of  the  drugs,  the  testicular 
lesions  began  to  regress,  resolution  proceeding  somewhat  more  rapidly 
in  the  animals  treated  with  neoarsphenamine  than  in  those  with  ars- 
phenamine.  In  some  animals,  the  lesions  disappeared  completely  by 
the  end  of  7  to  14  days,  at  which  time  the  effect  of  the  drug  upon  exist- 
ing lesions  practically  ceased. 

Of  the  twelve  animals  treated  with  neoarsphenamine,  the  testicular 
lesions  were  completely  resolved  in  seven,  four  showed  definite  residual 
lesions  in  the  form  of  diffuse  thickenings  or  of  circumscribed  nodules, 
and  in  one  the  result  was  uncertain.  In  contrast  to  this,  complete 
resolution  occurred  in  only  four  of  the  animals  treated  with  arsphena- 
mine — a  difference  which  is  quite  characteristic  of  the  action  of  the 
two  drugs  in  inducing  resolution  or  healing  of  lesions  in  the  experi- 
mental animal. 
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The  first  evidences  of  relapse  among  the  therapeutic  controls  were 
noted  between  14  and  17  days  after  treatment.  Four  of  the  seven 
animals  treated  with  arsphenamine  showed  reinduration  and  gradual 
increase  in  the  size  of  residual  lesions  or  the  development  of  new  foci 
of  infection  by  the  end  of  the  3rd  week,  and  the  infection  progressed 
at  a  normal  rate.  A  fifth  animal  relapsed  45  days  after  treatment, 
while  the  condition  in  the  two  others  was  not  clear.  From  the  3rd 
week  onward,  there  were  brief  periods  during  which  the  testicles  of 
these  two  animals  appeared  to  enlarge  somewhat,  there  were  ill 
defined  areas  of  thickening,  and  even  a  few  tiny  nodules  in  the  testi- 
cles or  tunics,  all  of  which  were  suggestive  of  relapse,  but  none  of 
these  conditions  developed  into  affections  which  exhibited  the  char- 
acteristic clinical  appearance  of  syphilitic  lesions.  At  the  end  of  3 
months,  test  inoculations  were  made  from  popliteal  lymph  nodes  of 
both  animals  with  positive  results,  and  one  of  them  developed  a  tes- 
ticular lesion  shortly  afterwards. 

Clinical  relapse  among  the  animals  treated  with  neoarsphenamine 
was  more  delayed.  Three  animals  of  the  control  group  showed  minor 
changes  suggestive  of  relapse  as  early  as  14  days  after  treatment,  but 
outspoken  lesions  did  not  develop  until  towards  the  end  of  the  3rd 
month.  Relapse  occurred  in  the  four  others  between  the  24th  and 
39th  days,  but  in  two  of  these  the  growth  of  the  lesions  was  again 
rather  slow  and  irregular  for  from  4  to  6  weeks. 

Infection  was,  therefore,  shown  to  be  present  in  all  the  therapeutic 
controls  of  both  series.  In  other  words,  none  of  the  animals  were 
cured  by  the  treatment  received,  and  similar  but  less  marked  effects 
were  produced  by  the  treatment  given  the  animals  which  were  used 
for  reinoculation. 

Results  from  Reinoculation  of  Infected  Controls. 

The  second  point  to  be  considered  is  the  probable  state  of  immunity 
which  had  developed  in  the  treated  and  reinoculated  animals.  It  was 
not  possible  to  determine  this  with  certainty,  and  in  reality  such  a 
determination  was  not  essential  to  the  object  of  these  experiments. 
However,  as  the  best  means  of  estimating  the  immunity  in  these 
rabbits  and  of  controlling  the  results  of  reinoculation  at  the  same  time, 
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which  was  of  more  importance,  animals  with  the  most  advanced  infec- 
tions were  selected  for  treatment,  while  those  showing  the  least  prog- 
ress of  the  infection  were  used  as  controls.  In  this  way,  the  state  of 
the  infection  existing  at  the  time  of  reinoculation  of  the  untreated 
animals  was  practically  the  same  as  that  which  had  existed  at  the 
time  of  treatment  of  the  other  group. 

The  results  from  reinoculation  of  the  infected  controls  may  be  given 
briefly.  Within  a  few  hours,  all  animals  of  the  series  showed  a  slight 
acute  reaction  at  the  site  of  inoculation  which  consisted  first  of  an 
edema  and  then  of  a  slight  diffuse  redness  about  the  site  of 
inoculation.  This  reaction  subsided  completely  within  24  to  48 
hours  and  in  one  animal  was  the  only  reaction  observed.  In  the 
others,  a  diffuse  or  papular  infiltration  developed  in  the  sheath  and 
at  the  base  of  the  ear.  The  lesions  in  the  sheath  reached  their  height 
in  from  5  to  7  days  and  disappeared  completely  within  12  to  14  days. 
The  papules  measured  from  3  to  6  mm.  in  cross-diameter;  they  were 
of  a  rose-pink  color,  firmly  indurated,  and  of  a  slightly  translucent 
appearance.  The  more  diffuse  lesions  presented  essentially  the  same 
characteristics.  The  ear  lesions  developed  somewhat  more  slowly, 
and  in  three  of  the  five  animals  were  very  slight,  diffuse  infiltrations 
lasting  approximately  3  weeks.  The  majority  of  the  lesions  described 
were  of  the  type  of  slight  non-specific  inflammatory  processes,  or  they 
might  be  regarded  as  allergic  reactions.  It  is  possible  that  some  of 
them  were  due  to  a  slight  but  transient  local  infection,  but  no  exami- 
nation was  made  for  spirochetes  for  fear  that  the  trauma  inflicted 
might  induce  regression.' 

In  two  instances  out  of  the  ten  inoculations  (two  injections  in  each 
animal),  small,  firmly  indurated,  and  translucent  papules  developed 
at  the  base  of  the  ear  (Figs.  1  and  2).  Clinically,  the  lesions  presented 
the  appearance  of  syphiHtic  granulomata.  One  of  them  disappeared 
within  3  weeks,  and  while  the  other  never  developed  to  more  than 
4  to  6  mm.  in  diameter,  it  persisted  for  54  days. 

These  were  the  only  instances  in  which  reinoculation  resulted  in 
the  production  of  skin  lesions  which  gave  evidence  of  being  due  to 

'  While  trauma  in  some  form  appears  to  play  a  part  in  the  distribution  and 
even  in  the  development  of  syphilitic  lesions  in  the  rabbit,  scarification,  cutting, 
or  aspiration  with  a  needle  frequently  causes  them  to  regress. 
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infection,  and  they  are  reproduced  in  Figs.  1  and  2  for  purposes  of 
comparison  with  the  lesions  obtained  by  reinoculation  of  the  treated 
animals.  It  is  to  be  noted  that  both  lesions  occurred  on  the  ear, 
while  the  foreskin  was  entirely  negative,  which  is  the  reverse  of  the 
order  of  susceptibility  of  the  two  skin  areas  in  normal  rabbits. 

Results  from  Reinoculation  of  Treated  Animals  and  Normal  Controls. 

Reinoculation  of  treated  animals  gave  results  which  were  strikingly 
different  from  those  of  the  infected  controls.  In  a  word,  all  except 
two  of  them  developed  perfectly  tjpical  chancres,  examples  of  which 
are  given  in  Figs.  3  to  12;  there  was  marked  lymphadenitis  such  as 
is  associated  with  primary  lesions,  and  spirochetes  were  present  in 
abundance.  Within  7  days,  every  animal  of  the  group  showed  a 
characteristic  syphilitic  reaction  at  the  site  of  inoculation,  either  in 
the  form  of  an  elevated  papule  or  of  a  flattened  area  of  infiltration. 
Of  the  twenty  points  inoculated,  nineteen  were  positive  by  the  7th 
day,  and  a  lesion  appeared  at  the  one  remaining  focus  on  the  11th 
day  after  inoculation.  The  incubation  periods  of  these  lesions  coin- 
cided with  those  of  the  normal  controls. 

The  growth  of  both  the  sheath  and  ear  lesions  in  four  of  the  ten 
animals,  including  two  treated  with  arsphenamine  (Figs.  3  to  7)  and 
two  with  neoarsphenamine  (Figs.  8  to  12),  was  extremely  rapid  and 
practically  uninterrupted  until  they  reached  the  stages  of  development 
shown  in  Figs.  3  to  12,  and  some  of  them  progressed  beyond  the 
points  shown.  On  the  other  hand,  none  of  the  three  normal  controls 
developed  lesions  which  were  at  all  comparable  to  the  sheath  and  ear 
lesions  of  these  four  treated  animals. 

In  another  animal  (arsphenamine),  the  lesion  on  the  sheath  grew 
somewhat  irregularly,  but  within  4  weeks  formed  a  characteristic 
ulcerated  chancre  measuring  1  cm.  in  diameter.  Growth  then  ceased 
for  a  short  time,  but  the  lesion  was  considerably  larger  and  increasing 
actively  when  the  animal  was  discarded.  The  ear  lesion  was  of  the 
nature  of  a  papule  surrounded  by  a  zone  of  diffuse  infiltration.  It 
developed  to  approximately  8  mm.  in  diameter  during  the  first  4  weeks 
but  had  practically  disappeared  before  the  animal  was  discarded. 

The  lesions  of  a  sixth  animal  (neoarsphenamine)  grew  more  rapidly 
than  those  of  any  other  for  about  3  weeks,  but  development  ceased 
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at  this  point.  On  the  sheath,  there  was  a  lenticular  lesion  measuring 
5  to  7  mm.  in  thickness  at  its  center  and  spreading  diffusely  over  an 
area  more  than  1  cm.  in  diameter.  A  similar  but  less  elevated  lesion 
developed  at  the  base  of  the  ear,  and  while  there  was  some  exfoliation 
over  the  center  of  both  lesions,  neither  of  them  underwent  ulceration. 
They  gradually  subsided  and  had  practically  disappeared  at  the  end 
of  the  2  month  period  of  observation.  It  is  noteworthy  that  this 
animal  developed  a  slight  periostitis  of  the  nasal  bones  39  days  after 
treatment  and  later  a  lesion  of  the  cornea.  There  was  also  a  marked 
popliteal  lymphadenitis  such  as  is  commonly  associated  with  focal 
infections  in  the  drainage  area. 

,In  two  other  animals  of  the  arsphenamine  group,  the  reaction  during 
the  first  few  weeks  after  reinoculation  was  comparatively  slight.  Dur- 
ing the  4th  week,  however,  both  the  ear  and  sheath  lesions  of  one 
animal  began  to  increase  rapidly  and  developed  into  characteristic 
chancre-like  lesions  of  appro-ximately  1  cm.  in  cross-diameter.  The 
ear  lesion  of  the  other  animal  was  first  a  papule,  then  a  diffuse  infiltra- 
tion, but  a  typical  chancre  measuring  8  mm.  in  diameter  developed 
on  the  sheath. 

The  lesions  produced  in  the  two  remaining  animals  of  the  treated 
and  reinoculated  series  were  comparatively  slight  and  consisted  of 
small  papules  or  diffuse  infiltrations.  They  were  more  pronounced 
and  more  enduring  than  any  lesion  of  the  infected  controls  but  less 
than  those  of  the  normal  controls.  The  therapeutic  response  in  one 
of  these  animals,  both  of  which  were  treated  with  neoarsphenamine, 
was  apparently  less  than  that  in  any  other  animal  of  the  series.  The 
original  lesions  were  never  completely  resolved,  and  a  clinical  relapse 
was  recognized  17  days  after  treatment. 

A  feature  of  especial  interest  in  these  experiments  was  the  fact 
that  relapse  of  the  original  lesions  occurred  in  eight  of  the  ten  reinocu- 
lated animals  at  about  the  time  the  superinfection  lesions  became  well 
established.  In  most  instances,  the  second  chancres  overgrew  (inhib- 
ited) the  recurrent  lesions,  but  in  other  animals,  both  sets  of  lesions 
developed  together. 

An  excellent  illustration  of  this  phenomenon  of  the  double  infection  is  fur- 
nished by  Figs.  6  and  7.  Inspection  of  Fig.  6  will  show  that  there  is  a  diffuse 
enlargement  of  the  right  testicle  and  two  large  nodules  are  well  outlined  at  the 
positions  indicated  by  the  arrows.    There  is  also  a  small  patch  of  infiltration  in 
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the  left  scrotum.  The  nodules  in  the  testicle  existed  from  the  time  of  treatment, 
and  although  they  were  considerably  softened  and  diminished  in  size,  they  became 
reindurated  and  began  to  enlarge  by  the  end  of  the  2nd  week.  The  development 
attained  within  5  weeks  (the  time  represented  by  this  photograph)  would  of  itself 
preclude  the  possibility  of  a  metastatic  origin.  The  further  development  of  the 
two  sets  of  lesions  is  shown  in  Fig.  7. 

The  results  of  the  treatment  and  reinoculation  experiments  as  a 
whole  may  be  stated  as  follows:  Of  the  five  animals  treated  with 
arsphenamine,  and  then  reinoculated,  the  original  lesions  were  com- 
pletely resolved  in  only  one  instance  and  relapse  occurred  within  33 
days  in  four  of  the  five  animals,  including  the  one  animal  whose  lesions 
had  been  resolved.  The  other  animal  of  the  group  showed  no  definite 
increase  in  the  testicular  lesions  during  the  period  of  observation,  and 
the  lesions  which  resulted  from  reinoculation  were  less  marked  than 
those  of  the  other  animals.  By  reinoculation,  characteristic  chancres 
were  produced  in  all  the  animals  of  the  group.  Three  of  the  five 
animals  developed  well  marked  lesions  at  the  base  of  the  ear  as  well 
as  on  the  sheath,  while  the  ear  lesions  were  comparatively  slight  in 
the  two  others. 

The  results  after  treatment  with  neoarsphenamine  were  not  so 
uniform.  The  testicular  lesions  were  quickly  resolved  in  two  of  the 
five  animals.  The  testicles  of  a  third  animal  were  left  slightly  en- 
larged and  diffusely  thickened,  but  no  further  change  occurred,  either 
in  the  way  of  regression  or  progression  of  the  lesions  during  the  period 
of  observation,  and  while  well  marked  lesions  were  produced  by  rein- 
oculation on  both  the  ear  and  the  sheath,  they  were  of  shorter  duration 
than  those  of  the  other  animals.  Clinical  relapse  occurred  in  all 
other  animals  of  the  group  at  from  14  to  24  days  after  treatment. 
Characteristic  chancres  were  obtained  from  the  second  inoculation  in 
three  of  the  five  animals  on  both  the  sheath  and  ear;  the  other  two 
gave  only  diffuse  or  papular  infiltrations. 

The  three  normal  controls  developed  characteristic  chancres  on  the 
sheath  which  measured  from  1  to  1.5  cm.  in  diameter.  One  of  them 
developed  a  large  nodule  in  the  subcutaneous  tissues  at  the  base  of 
the  ear  in  addition  to  a  diffuse  infiltration  of  the  skin  and  the  usual 
lymphadenitis.  In  the  two  others,  there  were  small  papules  sur- 
rounded by  a  zone  of  diffuse  infiltration,  but  none  of  them  developed 
chancre-like  lesions  in  this  location. 
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DISCUSSION. 

In  attempting  to  give  an  interpretation  of  the  experiments  reported, 
the  first  point  to  be  considered  is  that  while  one  group  of  animals  with 
well  developed  primary  lesions  of  the  testicles  proved  to  be  extremely 
refractory  to  a  second  cutaneous  inoculation  with  a  virus  of  equiva- 
lent \'irulence,  a  second  group  of  animals  from  the  same  series,  after 
treatment  with  arsphenamine  or  neoarsphenamine,  was  highly  suscep- 
tible and  with  two  exceptions  reacted  to  the  second  inoculation  with 
the  development  of  characteristic  manifestations  of  a  primary  infec- 
tion. In  fact,  if  susceptibility  may  be  gauged  by  the  reaction  at  the 
site  of  inoculation,  some  of  the  treated  animals  (four  out  of  ten)  were 
even  more  susceptible  to  infection  than  the  normal  controls.  Disre- 
garding for  the  moment  the  therapeutic  result  in  as  far  as  the  original 
infection  is  concerned,  it  is  certain  that  this  difference  in  the  reaction 
of  the  treated  and  untreated  animals  can  be  attributed  to  no  other 
cause  than  the  treatment  employed. 

In  the  second  place,  it  is  practically  certain  that  none  of  the  animals 
was  cured.  In  the  majority  of  them,  the  original  lesions  were  not 
completely  resolved,  but  there  still  might  be  some  doubt  as  to  whether 
the  relapses  which  occurred  in  the  reinoculated  animals  were  true 
relapses  of  the  original  infection  or  were  lesions  arising  from  the 
second  inoculation.  In  several  instances,  the  clinical  history  of  the 
relapse  appeared  to  be  sufficient  in  itself  to  exclude  the  latter  possibil- 
ity, since  within  a  time  too  short  to  permit  of  the  development  of 
metastatic  lesions,  reinduration  and  growth  occurred  in  existing  lesions. 
In  order  to  remove  any  possible  confusion  which  might  arise  from 
this  source,  however,  fourteen  therapeutic  controls  were  set  aside — 
infected  and  treated  with  the  same  material  and  in  the  same  manner 
as  the  reinoculated  animals — and  none  of  these  was  cured. 

The  results  of  the  experiments  may,  therefore,  be  reduced  to  a  very 
simple  statement;  namely,  that  treatment  of  animals  with  marked 
primary  lesions  of  the  testicles  altered  their  resistance  to  such  an  extent 
as  to  render  them  susceptible  to  a  second  cutaneous  infection  without 
having  effected  a  cure  of  the  original  infection.  It  is  clear,  therefore, 
that  under  the  circumstances  existing  in  these  experiments,  not  only 
is  superinfection  of  rabbits  possible  but  animals  treated  in  the  manner 
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described  may  be  rendered  even  more  subject  to  a  new  infection  than 
a  normal  animal. 

It  should  be  emphasized  that  these  findings  do  not  conflict  in  any 
way  with  established  facts  of  syphilitic  immunity.  The  conflict,  if 
there  is  one,  is  with  the  assumption  that  the  same  conditions  obtain 
in  treated,  as  in  untreated  infections  or  that  an  immunity  once  estab- 
lished cannot  be  altered. 

It  has  been  clearly  shown  by  the  work  of  Finger  and  Landsteiner 
(2)  and  of  others  that  immunity  to  a  second  infection  is  not  always 
absolute — that  by  resorting  to  the  use  of  large  doses  of  virus,  it  is 
possible,  even  in  advanced  cases  of  syphiUs,  to  produce  superinfection, 
or  lesions  at  the  site  of  inoculation  which  tend  to  assume  the  form  of 
those  characteristic  of  the  stage  of  infection  during  which  reinocula- 
lation  is  carried  out.  It  is  also  well  known  that  superinfection  with 
the  production  of  typical  chancres  is  comparatively  easy- during  the 
first  incubation  period,  and  multiple  chancres  and  autoinoculation 
with  chancre-like  lesions  are  explainable  upon  this  basis. 

The  facts  enumerated  have  been  found  to  apply  to  both  human  and 
animal  infections.  From  the  data  available,  the  chief  differences 
which  appear  to  exist  in  untreated  infections  are  that  protection 
against  reinfection  develops  much  more  quickly,  is  more  marked,  and 
more  enduring  in  the  rabbit  than  in  man.  These  few  facts  furnish 
all  the  basis  necessary  for  an  understanding  of  the  phenomena  of  a 
second  infection  following  treatment  which  is  not  curative.  It  is 
only  necessary  to  consider  that  treatment  with  such  substances  as 
arsphenamine  and  neoarsphenamine  may  cause  an  infection  to  revert 
to  the  condition  which  existed  during  the  first  incubation  period  when 
spirochetes  were  present  but  no  immunity  had  developed;  further, 
that  the  spirochetes  which  survive  the  action  of  the  drug  employed 
may  be  so  attenuated  or  enfeebled  for  the  time  being  as  to  be  incapable 
of  arousing  an  antagonistic  reaction  on  the  part  of  the  host,  thus 
favoring  the  propagation  of  more  vigorous  organisms  introduced  from 
without  and  the  production  of  characteristic  primary  lesions  at  the 
site  of  the  new  infection. 

These  were  the  postulates  which  formed  the  basis  for  the  experi- 
ments reported,  and  the  results  would  appear  to  justify  the  conclu- 
sion that,  in  as  far  as  early  infections  of  the  rabbit  are  concerned, 


WADE  H.   BROWN  AND   LOUISE  PEARCE  565 

treatment  with  arsphenamine  or  neoarsphenamine  may  alter  the 
immunological  status  of  the  animal  to  such  an  extent  as  to  favor 
the  propagation  of  a  second  infection  without  having  accomplished 
a  cure  of  the  first.  In  advanced  infections,  conditions  are  more  com- 
plicated, and  it  is  more  difficult  to  obtain  chancres  from  second  inocu- 
lations, but  experiments  now  in  progress  indicate  that  even  here 
superinfection  is  still  possible  of  attainment. 

Apart  from  any  bearing  which  these  experiments  may  have  upon 
problems  of  syphilitic  immunity,  they  serve  to  emphasize  the  neces- 
sity for  a  careful  consideration  of  the  influence  which  any  therapeutic 
agent  or  any  system  of  therapy  may  exert  upon  the  mechanism  of 
animal  resistance  as  well  as  the  spirocheticidal  action  of  the  agents 
employed. 

CONCLUSIONS. 

From  the  facts  presented,  it  may  be  concluded  that  the  existence 
of  an  infection  with  SpirochcEta  pallida  does  not  constitute  a  bar  in 
itself  to  the  introduction  and  propagation  of  a  second  infection  in  the 
same  animal;  that,  just  as  there  is  a  period  following  a  first  inoculation 
during  which  a  second  infection  may  be  implanted  with  the  produc- 
tion of  characteristic  primary  lesions,  conditions  may  again  arise  in 
animals  which  have  once  become  refractory  to  a  second  inoculation, 
that  will  favor  the  introduction  of  a  new  infection  with  the  formation 
of  lesions  presenting  the  characteristics  of  an  original  or  first  infection. 

Experimentally,  such  a  state  may  be  induced  in  rabbits  with  early 
but  well  marked  primary  lesions  of  the  testicles  by  treatment  with 
either  arsphenamine  or  neoarsphenamine,  hence,  treated  but  uncured 
animals  may  be  rendered  as  susceptible  to  a  second  cutaneous  inocu- 
lation as  a  normal  animal,  and  the  manifestations  of  disease  resulting 
from  the  second  infection  may  be  indistinguishable  from  those  of  a 
first  infection. 

SUMMARY. 

Experiments  were  carried  out  on  rabbits  for  the  purpose  of  deter- 
mining the  effects  of  subcurative  doses  of  arsphenamine  and  of  neo- 
arsphenamine upon  the  resistance  of  infected  animals  to  reinoculation 
with  Treponema  pallidum  and  hence  the  possibilities  of  the  occur- 
rence of  a  second  infection  in  treated  but  uncured  cases  of  infection. 
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All  the  animals  used  were  inoculated  with  the  same  virus,  and  the 
experimental  tests  were  carried  out  when  the  first  cycle  of  testicular 
reaction  was  Hearing  its  height.  The  animals  with  the  most  marked 
testicular  lesions  were  used  for  the  basic  experiment  of  treatment  and 
reinoculation.  The  results  of  this  experiment  were  controlled  from 
four  different  standpoints:  (1)  the  effect  of  the  treatment  employed 
upon  the  existing  infection;  (2)  the  immunity  present  at  the  time 
of  treatment;  (3)  the  virulence  of  the  organisms  used  for  reinocu- 
lation as  compared  with  those  causing  the  existing  infection ;  (4)  the 
comparative  susceptibility  of  normal  animals  to  the  virus  used  for 
reinoculation. 

The  results  obtained  showed  (1)  that  the  treatment  employed  was 
insufficient  to  cure  any  of  the  therapeutic  controls;  (2)  that  the 
infected  controls  were  highly  refractory  to  a  second  inoculation;  (3) 
that  the  treated  animals  were  highly  susceptible  to  a  second  inocula- 
tion and  although  not  cured  of  their  original  infection,  reacted  to 
the  second  inoculation  with  the  formation  of  lesions  indistinguishable 
from  those  of  a  first  infection;  (4)  that  in  certain  instances  the  treat- 
ment given  had  rendered  infected  animals  more  susceptible  to  infec- 
tion than  the  normal  controls. 
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EXPLANATION  OF  PLATES. 

The  illustrations  are  reproductions  of  photographs  which  represent  the  objects 
at  their  natural  size. 

Plate  73. 

Figs.  1  and  2.  Reinoculation  lesions  of  control  animals. 

Fig.  1.  A  lenticular  papule  at  the  base  of  the  ear  15  days  after  reinoculation. 
The  lesion  did  not  progress  beyond  the  point  shown. 

Fig.  2.  30  days  after  reinoculation.  There  is  an  indurated  papule  in  the  same 
location.  These  were  the  most  marked  lesions  produced  by  reinoculation  of 
the  infected  controls. 

Figs.  3  to  7.    Reinoculation  lesions  following  treatment  with  arsphenamine. 
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Figs.  3  and  4.  Characteristic  chancres  on  the  ear  and  sheath  of  a  treated  ani- 
mal as  they  appeared  42  and  37  days  after  reinoculation. 

Figs.  5  and  6.  Ear  and  sheath  lesions  of  an  animal  with  clinical  relapse  of  the 
original  lesions — 37  days  after  reinoculation.  The  right  testicle  (Fig.  6)  is  dif- 
fusely enlarged  and  indurated  and  contains  two  well  defined  nodules;  the  left 
testicle  is  stiU  atrophic  but  there  is  a  small  area  of  infiltration  in  the  scrotum. 

Fig.  7.  The  genital  lesions  of  the  same  animal  12  days  later.  Note  the  marked 
increase  of  aU  lesions  and  the  e,\tensive  necrosis  of  the  lesion  on  the  sheath. 

Plate  74. 

Figs.  8  to  1 2.    Reinoculation  lesions  foUowing  treatment  with  neoarsphenamine. 

Figs.  8  and  9.  These  figures  are  from  the  same  animal  and  represent  conditions 
as  they  existed  42  days  after  reinoculation.  The  two  lesions  are  about  equally 
developed  and  show  marked  necrosis. 

Figs.  10  to  12.  From  a  second  animal.  Figs.  10  and  11  are  42  days,  and  Fig. 
12,  49  days  after  reinoculation. 
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Isolation  of  a  Gentian-Positive  Strain  from  a  Culture  of  a  Gentian- 
Negative  Organism    (a  "Strain-within-aStrain"  Variant). 

When  divided  gentian  violet  plates  are  stroked  with  broth  cul- 
tures or  with  heav^'  suspensions  of  Bacillus  coli,  growth  is  equally- 
good  on  both  sides  of  the  plate  (Fig.  1).  So,  too,  if  divided  plates 
are  poured  so  that  each  half  receives  a  hea\y  inoculation  of  Bacillus 
coli,  numerous  colonies  appear  in  both  halves,  though  a  similar 
experiment  with  Bacillus  siibtilis  shows  complete  sterility  of  the 
gentian  violet  side.  If,  however,  the  inoculations  are  made  with 
increasingly  weak  dilutions  of  the  suspension,  the  colonies  gradually 
become  fewer  on  the  gentian  violet  side  and  finally  disappear  alto- 
gether (Fig.  2).  This  phenomenon  is  exhibited  whether  a  2  or  a  24 
hour  culture  is  studied.  It  may  be  demonstrated  as  well  by  a  slightly 
different  type  of  experiment.  If  a  plain  agar  plate  is  stroked  with 
broth  cultures  of  Bacillus  coli  which  have  been  exposed  to  the  dye, 
the  stained  organisms  appear  to  grow  as  well  as  the  controls,  though 
strokes  of  stained  Gram-positive  organisms,  for  example,  Bacillus 
subtilis  or  Oidium  albicans,  will  not  grow  at  all  (Fig.  3) .  If,  however, 
the  experiment  is  repeated  with  increasingly  weak  suspensions  of 
Bacillus  coli  it  will  be  seen  that  by  no  means  all  the  organisms  have 
actually  survived  exposure  to  the  stain  (Fig.  4). 

*  A  preliminary  report  of  this  work  was  published  in  the  Proceedings  of  the 
Society  of  Experimental  Biology  and  Medicine  (Churchman,  J.  W.,  Proc.  Soc. 
Exp.  Biol,  and  Med.,  1920,  xviii,  17,  19,  20,  21). 
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It  is  therefore  possible,  by  stroking  divided  plates  with  weak  dilu- 
tions of  Bacillus  coli  to  obtain  plates,  with  a  few  colonies  on  the  plain 
agar  side  and  none  on  the  gentian  violet  agar.  Some  of  these  colonies 
may  be  presumed  to  have  sprung  from  individuals  which  would  have 
grown  on  the  gentian  violet  agar  if  they  had  happened  to  be  implanted 
there,  others  may  be  presumed  to  be  made  up  of  organisms  incapable 
of  growing  in  the  presence  of  the  dye.  By  again  stroking  divided 
plates  with  suspensions  of  these  separate  colonies  an  opportunity  was 
afforded  of  isolating  a  strain  of  Bacillus  coli  incapable  of  growing  in 
the  presence  of  the  dye,  unmixed  with  individuals  capable  of  such 
growth.     This  has,  indeed,  been  done. 

The  result  of  this  experiment  was  to  provide  two  strains — labelled 
for  convenience  Strains  X  and  Y — isolated  from  a  single  "pure" 
culture  of  Bacillus  coli.  These  two  strains,  both  definitely  Gram- 
negative,  are  identical  by  all  the  usual  tinctorial,  morphological, 
and  cultural  tests.  Yet  Strain  X  grows  well.  Strain  Y  not  at  all,  or 
practically  not  at  all  in  the  presence  of  gentian  violet  (Fig.  5) ;  and 
strokes  of  Strain  X  which  have  been  exposed  to  the  dye  and  then 
planted  on  plain  agar  grow  equally  well  with  the  controls,  while 
strokes  of  Strain  Y  made  with  organisms  which  have  been  exposed  to 
the  dye  do  not  grow  at  all  (Fig.  6). 

That  this  specific  characteristic  is  not  transient  is  shown  by  the 
experiment  represented  in  Figs.  5  and  6.  This  experiment  was  done 
after  the  two  strains  had  been  allowed  to  grow  for  6  weeks  through 
a  number  of  transplants,  and  it  will  be  seen  that  the  original  features 
of  the  two  strains  have  been  retained. 

The  experiments  outlined  above  demonstrate  that  within  a  single 
bacterial  strain  two  strains  may  exist  which,  though  identical  in 
morphology  and  in  tinctorial  and  cultural  reactions,  are  dissimilar 
in  their  reactions  to  gentian  \aolet,  one  growing  vigorously  and  the 
other  not  at  all  on  media  containing  the  dye.  These  two  t>T)es 
retained  their  differential  characteristics  after  many  transplantations. 
This  isolation,  from  a  pure  culture,  of  a  "  strain- within-a-strain" 
variant  parallels  the  observation  reported  some  years  ago  of  a  "strain- 
within-a-species"  variant  occurring  in  the  Bacillus  enteritidis  group.' 

'  Churchman,  J.  W.,  and  Michael,  W.  H.,  /.  Exp.  Med.,  1912,  xvi,  822. 
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The  distinction  between  the  two  types  of  variant  strain  is,  of  course, 
not  fundamental;  one  type  was  encountered  in  nature,  the  other  was 
isolated  in  the  laboratory. 

Explanation  of  the  Parallelism  between  the  Gram  Reaction  and  the 
Gentian  Violet  Reaction. 

While  certain  facts  in  the  observations  hitherto  reported  on  the 
parallelism  between  the  Gram  reaction  and  the  gentian  violet  reac- 
tion were  difficult  to  explain  on  the  theory  that  the  two  reactions 
depended  on  a  common  factor  and  that  the  parallelism  was  therefore 
a  fundamental  one,  the  preponderance  of  evidence  pointed  in  this 
direction.  About  90  per  cent  of  the  Gram-positive  organisms  are 
killed  by  exposure  to  the  dye  and  will  not  grow  on  media  which  con- 
tain it;  about  90  per  cent  of  the  Gram-negative  organisms  grow  well 
after  exposure  to  the  dye,  and  their  growth  seems  to  be  unimpeded 
by  the  presence  of  the  dye  in  media. 

That  this  difference  between  the  effect  of  gentian  violet  on  the 
Gram-positive  and  the  Gram.-negative  organisms  might  be  applied 
to  the  isolation  of  Gram-negative  bacteria  from  mixtures  with  Gram- 
positive  bacteria,  and  particularly  to  the  elimination  of  contamina- 
tions with  Bacillus  subtilis,  which  so  frequently  prove  troublesome, 
was  pointed  out  in  a  previous  pubhcation.-  The  lead  thus  given 
has  since  received  the  following  practical  applications:  (1)  isolation 
of  Bacillus  tuberculosis  from  sputum  and  feces  (PetrofI') ;  (2)  elimina- 
tion of  false  presumptive  tests  in  the  examination  of  milk  and  water 
for  Bacillus  coli,  by  the  use  of  gentian  violet  (Hall  and  EUefson^); 
(3)  selective  elimination  of  hay  bacillus  from  cultures  of  obligative 
anaerobes  by  the  use  of  gentian  violet  (HalP) ;  (4)  isolation  of  Bacillus 
influenza  by  the  use  of  gentian  violet  (Bernstein  and  Loewe^) ;  and 
(5)  isolation  of  pathogenic  moulds  {Epidermophyton  inguinale)  by  the 
use  of  gentian  violet  (Farley^). 

2  Churchman,  J.  W.,  J.  Exp.  Med.,  1912,  xvi,  221. 
'  Petroff,  S.  A.,  J.  Exp.  Med.,  1915,  xxi,  38. 

*Hall,  I.  C,  and  Ellefson,  L.  J.,  /.  Bad.,  1918,  iii,  329,  355;  J.  Am.  Water 
Works  Assn.,  1919,  vi,  67. 

'  HaU,  I.  C,  J.  Am.  Med.  Assn.,  1919,  kxii,  247. 

'Bernstein,  E.  P.,  and  Loewe,  L.,  /.  Infect.  Dis.,  1919,  xxiv,  78. 

'  Farley,  D.  L.,  Arch.  Dermatol,  and  SyphiloL,  1920,  ii,  466. 
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A  parallelism  so  clear-cut  and  so  amply  confirmed  could  hardly 
be  accidental,  particularly  as  a  similar  parallelism  was  found  to  exist 
if  the  experiments  were  conducted  with  other  dyes  belonging  to  the 
triphenylmethane  series.  Moreover,  it  is  just  the  constantly  Gram- 
positive  organisms  like  Bacillus  subtilis  which  always  fail  to  grow  in 
the  presence  of  even  minute  quantities  of  the  dye,  and  just  the  con- 
stantly Gram-negative  ones  which  grow  readily  in  fairly  strong  dilu- 
tions of  it  (Fig.  1).* 

The  diiYerence  in  avidity  of  the  living  organisms  for  the  stain  is 
also  striking.  Bacillus  subtilis  rapidly  becomes  deep  violet  and  loses 
its  motility;  Bacillus  coli  or  Bacillus  typhosus  stains  slowly,  only  a 
small  proportion  of  the  individuals  stain  at  aU  deeply,  and  all  retain 
their  motility  for  some  time.  If  the  Gram  reaction  is  carried  out 
with  living  organisms,  centrifuged  in  a  test-tube,  the  behavior  of  the 
negative  and  positive  groups  is  the  same  as  it  is  when  they  are  killed 
and  stained  on  a  glass  slide. 

Facts  of  this  kind  led  to  the  assumption  that  the  parallelism  between 
Gram  reaction  and  gentian  violet  reaction  depended  on  the  presence 
in  the  Gram-positive  organisms,  and  the  absence  from  the  Gram- 
negative  ones,  of  unsaturated  bodies  avid  for  some  portion  of  the 
triphenylmethane  molecule.  The  saturation  of  these  bodies  would 
be  thought  of  as  accounting  for  the  retention  of  the  dye  by  the  Gram- 
positive  bacteria  and  their  death  in  its  presence;  the  absence  of  these 
bodies  would  explain  why  Gram-negativ'e  organisms  fail  to  retain  the 
dye  and  grow  in  media  containing  it. 

There  were,  indeed,  a  few  facts  which  would  not  conform  to  this 
h>-po thesis.  There  were  in  the  first  place  the  exceptional  organisms; 
about  10  per  cent  of  the  Gram-positive  strains  studied  were  either 
unaffected  by  the  dye  or  v-ariable  in  their  reactions  to  it,  and  an  equal 
percentage  of  the  Gram-negative  cultures  were  somewhat  susceptible 
to  its  bacteriostatic  effects.  Not  only  was  this  found  to  be  the 
case  in  a  study  of  all  the  common  bacterial  species,  but  an  instance 

^  The  chemical  problems  involved  in  the  gentian  violet  reaction  are  now  the 
subject  of  investigations  in  collaboration  with  Professor  Bogert  of  Columbia 
University.  It  may  be  stated,  however,  that  other  members  of  the  triphenyl- 
methane series,  which  are  themselves  not  dyes  and  possess  relatively  simple  struc- 
tural formulas,  behave,  as  regards  selective  bacteriostasis,  like  gentian  violet. 
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was  encountered  in  which  one  strain  of  a  species  {Bacillus  enteritidis) 
— and  only  one  out  of  five  studied — was  quite  sensitive  to  the  bacte- 
riostatic action  of  the  dye,  though  the  other  four  behaved  quite  accord- 
ing to  rule,  and  all  five  were  identical  in  cultural  reactions  and  were 
definitely  Gram-negative.^ 

An  effort  was  made  to  test  the  fundamental  nature  of  the  parallel- 
ism between  Gram  and  gentian  reactions  by  training  a  Gram-positive 
and  gentian-positive  organism  {Bacillus  suUilis)  to  grow  in  the 
presence  of  the  dye.  If  such  an  organism  could  be  made  in  this 
way  to  lose  its  gentian  positiveness  without  changing  its  Gram  posi- 
tiveness  it  would  be  clear  that  the  two  reactions  did  not  depend  on  a 
common  factor.  If,  on  the  other  hand,  both  reactions  changed, 
the  opposite  would  be  true. 

The  efforts  to  train  Bacillus  subtilis  to  grow  in  gentian  \-iolet  were 
wholly  unsuccessful.  This  organism  will  not  grow  on  divided  plates 
containing  the  dye  in  strengths  of  1:1,000,000.  It  is  possible,  it  is 
true,  to  induce  it  to  grow  in  slightly  stronger  dilutions.  But  not 
much  advance  can  be  made,  and  the  advance  made  is  not  retained; 
for  the  few  organisms  which  have  appeared  in  the  stronger  dilutions, 
if  transplanted,  fail  to  grow  except  in  the  weaker  dilutions,  around 
1:1,000,000. 

The  problem  was,  however,  solved  in  an  entirely  different  way. 
If  thick  suspensions  of  the  Gram-negative  and  gentian-negative 
Bacillus  coli  are  stroked  across  a  di\ided  gentian  violet  plate,  growth 
is  equally  vigorous  on  the  two  sides  (Fig.  1).  If,  however,  increas- 
ingly weak  dilutions  of  the  suspension  are  used  for  the  stroking,  the 
colonies  on  the  gentian  violet  side  of  the  plate  become  rapidly  fewer 
(in  proportion  to  those  on  the  plain  agar)  as  the  dilution  increases, 
and  finally  disappear  altogether  (Fig.  2).  This  is  due,  in  part  at 
least,  to  the  fact,  entirely  obscured  when  thick  suspensions  are  used 
for  the  experiment,  that  only  a  relatively  small  proportion  of  the 

'It  is  interesting  to  note  that  Bronfenbrenner  and  his  coworkers  (Bronfen- 
brenner,  J.,  Schlesinger,  M.  J.,  and  Soletsky,  D.,  /.  Bact.,  1920,  v,  24)  in  a  study 
of  the  bacterial  action  of  the  CR  indicator  (China  blue-rosohc  acid)  tested  out 
this  strain  of  B.  enteritidis  and  found  it  to  be  exceptional  also  in  its  behavior 
toward  CR.  I  have  found  that  rosohc  acid  possesses  selective  properties  similar 
to  those  of  gentian  violet. 
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individuals  in  a  suspension  of  a  Gram-negative  organism  are  really 
gentian-negative;  the  majority  will  not  grow  in  the  presence  of  the 
dye.'"  If  the  suspension  used  for  stroking  the  plate  is  thick,  this 
small  proportion  of  gentian-negative  individuals  is  (absolutely)  suf- 
ficiently large  in  quantity  to  produce  good  growth  in  the  presence 
of  the  dye.  If,  on  the  other  hand,  the  suspension  is  weak  the  gen- 
tian-negative individuals  are,  not  only  relatively,  but  absolutely  few 
in  number;  few  colonies  therefore  appear  on  the  violet  agar;  if  the 
dilution  is  very  weak,  none  appears. 

It  is  not  difficult  to  isolate  in  pure  culture  the  individuals  which 
will  and  those  which  will  not  grow  in  the  presence  of  the  dye  (Figs.  5 
and  6).  When  so  isolated  the  gentian-positive  strain,  that  is  the  strain 
which  will  not  grow  in  the  presence  of  the  dye,  is  found  to  be  as 
definitely  Gram-negative  as  the  gentian-negative  strain.  The  factor 
which  determines  the  reaction  of  an  organism  to  the  Gram  process  of 
staining  is  not  therefore  the  same  as  the  factor  which  determines  its 
growth  reaction  in  the  presence  of  gentian  violet. 

Effect  of  Repeated  Reinoculalions  of  Gentian  Violet  Agar  with  a  Gentian- 
Positive  Organism. 

If  a  di\aded  gentian  \iolet  plate  containing  the  dye  in  a  dilution  of 
1:100,000  is  stroked  with  a  thick  suspension  of  the  Gram-positive 
and  gentian-positive  Bacillus  subtilis,  no  growth  will  ever  occur  on 
the  gentian  \dolet  side  of  the  plate;  the  organism  will,  indeed,  fail  to 
grow  up  to  the  dividing  line  between  plain  and  gentian  violet  agar, 
ceasing  sharply  at  a  point  0.5  to  1  cm.  from  this  hne  (Fig.  1).  This 
inhibition  takes  place  even  when  the  dye  is  present  in  extremely 
weak  dilutions.  Growth  is  prevented  by  dilutions  of  1:1,000,000 
(Fig.  7),  inhibited  by  1:2,000,000,  and  only  becomes  \igorous  at  a 
strength  of  1:3,000,000. 

If,  however,  the  gentian  violet  half  of  the  plate  is  repeatedly  and 
hea\-ily  reinoculated  on  successive  days  in  the  same  place,  a  fair 
growth, — in  some  instances  a  rather  vigorous  growth — may  finally 

'"It  cannot  be  said,  since  the  whole  bacterial  field  has  not  been  studied  with 
this  point  in  view,  that  all  Gram-negative  species  contain  these  two  strains. 
The  specimen  of  B.  coli  with  which  the  experiments  were  done  and  the  speci- 
men of  B.  typhosus  and  B.  prodigiosus  examined  contained  them. 
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be  obtained.  In  Fig.  8  such  an  experiment  is  shown.  Two  strokes 
of  a  thick  suspension  of  Bacillus  sublilis  were  made  on  this  plate. 
Nothing  further  was  done  to  the  right-hand  stroke  and  the  usual 
effect  of  the  dye  is  clearly  shown.  In  the  left-hand  stroke  from  the 
edge  where  the  original  growth  on  the  ^lain  agar  ceased  (this  edge 
will  be  readily  recognized),  organisms  were  repeatedly  resmeared  over 
the  gentian  violet  agar;  a  fair  growth  resulted. 

That  this  growth  which  results  from  restroking  is  not  due  to 
accKmatization  of  organisms  to  the  dye  seems  likely  from  the  fact 
that  prolonged  attempts  at  experimental  acclimatization  of  Bacillus 
suUilis  to  gentian  violet  have  been  unsuccessful.  Furthermore,  pos- 
itive proof  that  acclimatization  is  not  the  explanation  is  given  by 
the  fact  that  if  organisms  which  have,  by  reinoculation,  been  thus 
induced  to  grow  on  gentian  violet  agar,  are  freshly  smeared  on  another 
divided  plate  they  will  not  grow  on  the  side  of  the  plate  which  con- 
tains the  dye.  This  phenomenon  can  hardly  be  due  to  insufficiency 
of  dye  in  the  presence  of  increase  of  inoculated  organisms,  for  in  the 
plates  used  in  the  experiments  dye  was  present  in  strengths  (1: 
100,000)  greatly  in  excess  of  the  strength  necessary  to  prevent  the 
growth  of  Bacillus  sublilis  (1: 1,000,000);  and  owing  to  the  great  diffu- 
sibihty  of  the  dye  through  agar  much  of  that  present  in  the  plates  is, 
available  for  the  organisms. 

Whether  the  phenomenon  is  due  to  a  change  in  the  dye  caused  by 
organisms  which,  though  not  surviving,  live  sufficiently  long  to  pre- 
pare the  soil  for  subsequent  implants;  whether  it  is  due  to  some  pro- 
tective barrier  or  nutritional  or  growth-accelerating  substance  pro- 
vided by  the  dead  bodies  of  bacteria  to  the  U\ing  bacteria  which  rest 
upon  them  in  subsequent  seedings;  or  whether  it  is  due  to  a  com- 
munal activity  of  organisms — to  which  further  reference  is  made  in 
the  following  paper — are  questions  at  present  under  experimental 
study.  But  the  fact  itself  is  sufficiently  significant  for  certain  prob- 
lems in  the  chemotherapy  of  infections. 

In  searching  for  a  possible  explanation  for  these  facts  it  is  impor- 
tant that  attention  should  be  called  to  experiments  which  demon- 
strate the  effect  of  the  presence  of  dead  bacterial  bodies  in  media  on 
which  transplants  are  made.  An  experiment  of  this  sort  is  illus- 
trated in  Figs.  9  and  10.     The  tubes  contained  gentian  violet  agar. 


576  BEHAVIOR   OF   BACTERIA   TOWARD   GENTIAN  VIOLET 

The  surface  of  the  control  tube  (Fig.  9)  was  inoculated  with  Bacillus 
suUilis  and,  as  this  organism  never  grows  in  the  presence  of  the  dye, 
no  growth  occurred.  The  surface  of  the  other  tube  (Fig.  10)  was  cov- 
ered with  a  thin  layer  of  killed,  washed  organisms"  {Bacillus  sublilis). 
After  this  layer  dried  an  inoculation  of  li\ing  Bacillus  sublilis  was 
made  on  top  of  it.  Growth  occurred,  owing  apparently  to  a  com- 
plete protection  of  some  sort  interposed  by  the  dead  bodies  between 
the  Uving  bacteria  and  the  dye,  or  to  some  effect  of  the  dead  bacteria 
on  bacterial  growth.  A  similar  result  is  obtained  if  dead  bodies  of 
Micrococcus  aureus  or  of  Bacillus  coli  are  smeared  on  the  surface  of 
the  gentian  violet  agar  instead  of  dead  bodies  of  Bacillus  sublilis. 
Such  an  experiment,  besides  bringing  out  a  fact  to  which  attention 
has  not  hitherto  been  directed,  shows  clearly  that  dead  bacterial 
bodies  l>'ing  in  a  wound  may  entirely  alter  the  reaction  between  a 
bacteriostatic  agent  and  the  li\ang  organisms  which  one  is  attempting 
to  reach. 

Selective  Activity  of  Gentian  Violet  in  Relation  to  Chemotherapy. 

That  the  selective  bacteriostatic  action  of  gentian  violet,  demon- 
strable in  vitro,  is  capable  of  clinical  application  in  the  treatment  of 
infections  has  been  amply  demonstrated  by  experiments  conducted 
in  the  hospital  wards  during  the  last  6  years.  It  has  been  shown  that 
in  certain  tjpes  of  acute  infections  of  joints,  staining  of  the  sjiiovial 
membrane  (after  proper  mechanical  cleansing  by  special  methods) 
leads  to  prompt  sterilization  and  clinical  cure.^^  It  has  also  been 
shown  that  with  this  dye  it  is  possible  to  rid  granulating  wounds  of 

''  The  organisms  were  grown  on  medium  containing  only  distilled  water  and 
agar,  in  order  that  their  bodies  might  contain  the  minimum  amount  of  nutritive 
substance.  These  bacterial  bodies  were  washed  six  times  with  distilled  water 
and  were  killed.  Suitable  controls  were  made  to  insure  steriUty.  In  order  to 
prove  that  no  available  food  material  was  still  present,  a  control  experiment 
was  done  in  which  these  dead  bacterial  bodies  were  smeared  on  the  bottom  of 
a  Petri  dish,  dried,  and  then  inoculated  with  live  B.  siihtilis,  suitable  moisture 
being  provided.  No  growth  occurred  on  incubation.  The  growth  of  B.  sub- 
lilis in  the  experimental  tubes  illustrated  in  Fig.  10  was  not,  therefore,  due  to 
any  nutritive  material  carried  over  in  the  dead  bacterial  bodies. 

"Churchman,  J.  W.,  /.  Am.  Med.  Assn.,  1918,  l.xx,  1047;  1919,  Lxxii,  1280; 
1920,  k.xv,  583. 
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certain  organisms  which  have  resisted  other  bacteriostatic  agents; 
this  was  proved  by  the  successful  treatment  of  two  patients  with  thigh 
amputations  at  the  Walter  Reed  Hospital.  The  stumps  of  these 
indi\-iduals  had  become  diphtheria  carriers,  but  by  using  the  dye 
they  were  rid  of  organisms  which  had  persisted  for  weeks  in  spite  of 
all  treatment."  That  the  selective  power  of  the  dye,  so  clearly 
sho-mi  in  di\ided  plates,  would  also  be  demonstrated  by  a  study  of 
its  effects  in  woimds  was  well  shown  during  these  efforts  to  sterilize 
infected  amputation  wounds.  Bacillus  diphtheria  was  caused  to 
disappear  \\'ithout  much  difficulty,  but  in  a  stump  infected  with 
Bacillus  coli  it  was  impossible  to  rid  the  wound  entirely  of  its  organisms. 
In  spite  of  this  considerable  amount  of  clinical  success  in  the  treat- 
ment of  a  certain  type  of  infection  with  gentian  \iolet,  the  observa- 
tions reported  in  the  pre\ious  communications  indicate  that  selective 
bacteriostasis  is  a  \ery  complex  process  and  point  out  the  difficulties 
attending  the  direct  transfer  of  laboratory  findings  into  therapeutics. 
The  method  of  divaded  plates  presents  an  excellent  means  of  stud^-ing 
the  interaction  between  dye  and  organism;  the  isolation  of  a  pure 
strain  of  gentian-negative  Bacillus  coli  makes  it  possible  to  investi- 
gate the  question  by  single  cell  experiments  of  a  peculiarly  reUable 
kind;  and  the  selective  property  of  gentian  violet  may  be  taken 
advantage  of  for  the  study  of  the  various  elements  of  selective  bac- 
teriostasis on  a  single  plate.  Such  a  plate  is  represented  in  Fig.  11. 
This  experiment  was  done  to  demonstrate  the  futility  of  generaliza- 
tions about  the  effect  of  a  chemotherapeutic  agent  on  bacteria,  even 
when  the  generalization  is  confined  to  its  effect  in  vitro,  and  to  indi- 
cate the  necessity  of  bearing  in  mind,  when  drawing  conclusions  from 
experiments  in  this  field,  the  conditions  imder  which  the  experiment 
was  done.  On  this  plate,  as  will  be  seen  (Fig.  11)  seven  different 
effects  of  gentian-violet  on  bacteria  are  shown,  the  result  obtained 
depending  on  the  organism  chosen  for  the  experiment  and  the  condi- 
tions under  which  the  inoculation  was  made.  These  different  results 
are  as  follows:  (1)  Thick  suspensions  of  Gram-positive  organisms 
{Bacillus  siiUilis)  will  not  grow  in  the  presence  of  the  dye  (Fig.  11, 
A).     (2)  By  repeated  reinoculations  of  these  organisms  a  moderate 

"  Churchman,  J.  \V.,  /.  Am.  Med.  Assn.,  1920,  lx.xiv,  145. 
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growth  can  be  procured  on  the  gentian  violet  agar  (Fig.  11,  B). 
(3)  Thick  suspensions  of  the  Gram-negative  Bacillus  coli  grow  equally 
well  on  the  two  halves  of  the  plate  (Fig.  11,  C).  (4)  If  weak  dilu- 
tions of  a  suspension  of  Bacillus  coli  are  stroked  across  the  plate 
almost  no  growth  occurs  on  the  gentian  violet  side  (Fig.  11,  D). 
(5)  A  thick  suspension  of  the  gentian-negative  strain  of  Bacillus  coli 
grows  equally  well  on  the  two  halves  of  the  plate  (Fig.  11,  £).  (6) 
If  a  weak  dilution  of  the  gentian-negative  strain  of  Bacillus  coli  is 
stroked  across  the  plate  no  growth  may  occur  on  the  gentian  violet 
side  (Fig.  11,  F).  (7)  If  a  thick  suspension  of  the  gentian-positive 
strain  of  Bacillus  coli  is  stroked  no  growth  occurs  on  the  gentian 
\'iolet  agar  (Fig.  11,  G). 

Unless  considerations  of  this  kind  are  borne  in  mind  one  may 
easily  fall  into  gross  error.  For  example,  if  the  original  experiments 
had  been  conducted  with  a  thin  suspension  of  Bacillus  coli  and  the 
result  seen  at  D,  Fig.  1 1 ,  had  been  obtained  the  conclusion  would  have 
been  drawn  that  gentian  violet  has  a  strong  bacteriostatic  effect  on 
Bacillus  coli;  whereas  if  thick  suspensions  are  used,  the  opposite 
proves  to  be  the  case  (Fig.  1 1 ,  C) .  This  error  has,  as  a  matter  of  fact, 
been  committed  by  certain  observers  working  with  other  dyes. 

Since  the  single  cell  method  of  Barber'^  offers  an  important  method 
for  the  study  of  reactions  between  chemical  substances  and  single 
bacteria,  it  cannot  be  too  strongly  emphasized  that  the  effect  of  a 
bacteriostatic  agent  on  a  group  of  bacteria  may  be  quite  different 
from  its  effect  on  individual  organisms. 

That  the  effect  of  a  chemotherapeutic  agent  should  be  conceived 
in  terms  of  stasis  rather  than  death  has  been  proved  by  the  whole 
trend  of  the  work  with  gentian  \iolet.  The  difficulty  of  pro%dng  that 
organisms  which  have  apparently  been  killed  by  chemical  agents 
are  really  dead  may  be  greater  than  might  at  first  be  supposed;  and 
in  any  experiments  in  this  field  it  is  well  to  remember  that  organisms 
apparently  killed  may  survive  and  give  signs  of  life  after  a  long  period 
of  lag.  A  striking  instance  of  this  phenomenon  is  shown  in  Text-fig. 
1.  This  experiment  was  one  of  a  series  done  to  determine  by  animal 
inoculations  whether  stained  gentian-positive  organisms,  which  do 

"Barber,  M.  A.,  Philippine  J.  Sc,  1914,  k,  307. 
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not  grow  in  culture  media,  are  actually  killed  by  exposure  to  the  dye. 
Two  series  of  animal  inoculations — one  with  Staphylococcus  aureus 
and  the  other  with  a  strain  of  Blastomyces  pathogenic  for  guinea  pigs 
— seemed  to  warrant  the  conclusion  that  the  stained  organisms  were 
killed,  for  all  the  animals  that  received  unstained  organisms  died  of 
the  disease,  and  all  those  that  received  stained  organisms  survived. 
With  stained  Bacillus  anthracis,  however,  different  and  striking 
results  were  obtained.  This  organism  will  not  grow  when  it  is  planted 
on  agar  after  having  been  stained.     When  injected  in  large  amounts, 
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Text-Fig.  1.  Results  of  animal  inoculation  with  stained  B.  anthracis.  M., 
mouse;  R.,  rabbit.  The  course  of  control  experiments  is  represented  by  a  solid 
line,  the  course  of  experimental  animals  by  a  broken  line.  X  indicates  that 
cultures  made  at  death  from  the  heart's  blood  and  spleen  were  positive  for  B. 
anthracis.  Mouse  3  and  Rabbits  3  and  4  survived  without  symptoms.  Mouse 
2  died  of  anthrax  on  the  26th  day;  the  blood  and  spleen  swarmed  with  the 
organisms. 

after  staining,  into  the  susceptible  mouse,  it  often  causes  death, 
though  not  infrequently  the  inoculated  animal  lives.  But  the  point 
worthy  of  note  is  that  when  the  animal  dies  it  is  sometimes  after  a 
period  of  many  days  of  perfect  health,  though  the  control  mice  die  in 
36  hours.  Mouse  2,  for  example  (Text-fig.  1)  died  of  anthrax  on  the 
26th  day,  having  been  in  perfect  health  in  the  interval;  that  is,  it 
behaved  as  if  it  had  received  the  injection  more  than  3  weeks  after 
the  inoculation  had  actually  been  made.  The  stained  organisms, 
nearly  but  not  quite  killed  by  their  exposure  to  the  dye,  had  suffi- 
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ciently  recuperated  at  the  end  of  26  days  to  bring  about  the  death  of 
the  animal  from  anthrax.  In  the  animals  which  survived  the  inocu- 
lation entirely  it  is  not  unlikely  that  the  defensive  mechanism  of  the 
body  was  successful  in  overcoming  the  bacteria,  which  were  injured 
but  not  killed.  The  experiments  prove  that  the  survival  of  injected 
animals  does  not  necessarily  prove  that  the  organisms  injected  were 
dead. 

SUMMARY. 

1.  A  gentian-positive  strain  (a  "  strain- within-a-strain"  variant) 
has  been  isolated  from  a  pure  culture  of  a  gentian-negative  organism. 
This  observation  corresponds  to  that  of  a  "  strain-within-a-species" 
variant,  occurring  in  the  enlerilidis  group,  reported  some  years  ago. 

2.  The  Gram  reaction  and  the  gentian  reaction  do  not  depend,  as  has 
been  assumed  in  pre\'ious  publications,  on  the  specific  affinity  of  the 
gentian-positive  organisms  for  a  portion  of  the  gentian  violet  molecule, 
since  certain  Gram-negative  strains  are  shown  to  be  gentian-positive. 

3.  Dead  bacterial  bodies  interposed  between  li\ang  bacteria  and 
gentian  violet  media  partially  negative  the  effect  of  the  dye  on  Gram- 
positive  organisms  and  allow  them  to  grow.  This  seems  to  be  either 
a  phenomenon  of  filtration  or  of  stimulation  of  growth. 

4.  The  application  of  these  facts  by  the  method  of  dlAaded  plates 
shows  a  number  of  difficulties  in  the  application  of  laboratory  studies 
to  chemotherapeutics,  which  would  escape  observation  by  ordinary 
methods. 

EXPLANATION  OF  PLATES. 

Plate  75. 

Fig.  1.  Divided  gentian  violet  plate  (gentian  violet  1:100,000).  T,  B.  typho- 
sus; S,  Micrococcus  aureus;  OA,  Oidium  albicans;  Su,  B.  subtilis;  C,  B.  coli.  It 
is  the  strongly  Gram-positive  organisms  that  fail  to  grow  and  the  strongly  Gram- 
negative  ones  that  grow. 

Fig.  2.  24  hour  cultures  of  B.  coli.  Disappearance  of  all  colonies  from  the 
gentian  violet  agar  side  of  the  plate  as  the  dilution  of  suspension  used  for  stroking 
becomes  weaker.     C,  B.  coli;  Broth,  broth  culture  (undiluted). 


john  w.  churchman  581 

Plate  76. 

Fig.  3.  Effect  of  staining  on  Gram-negative  B.  colt  and  Gram-positive 
Oidium  albicans  {cf.  Fig.  4).  C,  unstained  B.  coli  (control);  C,  stained  B.  colt; 
0,  unstained  Oidium  albicans  (control) ;  O',  stained  Oidium  albicans. 

Fig.  4.  Effect  of  staining  increasingly  weak  dilutions  of  a  suspension  of  B.  coli 
with  gentian  violet.     Con,  unstained  organisms;  Si,  stained  organisms. 

Fig.  5.  Behavior  of  Strains  X  and  Y  on  a  divided  plate  6  weeks  after  first 
isolation. 

Fig.  6.  Behavior  of  Strains  X  and  Y  on  exposure  to  gentian  violet  6  weeks 
after  first  isolation.  Plain  agar  plate.  A",  unstained  organisms  (control);  .Y', 
stained  organisms.     F,  unstamed  organisms  (control) ;  F',  stained  organisms. 

Fig.  7.  B.  subtilis  on  a  divided  plate.  The  upper  half  contains  gentian  violet 
in  1 : 1 ,000,000  dilution.     (A  refers  to  the  series  of  experiments.) 

Fig.  8.  Two  strokes  of  a  thick  suspension  of  B.  subtilis  were  made.  On  the 
right  nothing  further  was  done.  On  the  left  reinoculations  were  made  on  the 
gentian  violet  agar. 

Plate  77. 

Fig.  9.  Implantation  of  B.  sublilis  on  the  surface  of  gentian  violet  agar;  no 
growth  resulted,    a,  site  of  inoculation. 

Fig.  10.  Implantation  of  B.  sublilis  on  gentian  violet  agar  the  surface  of 
which  had  been  covered  with  a  thin  layer  of  killed,  washed  organisms,  a,  colony 
of  B.  subtilis;  b,  layer  of  killed  washed  organisms  {B.  subtilis);  c,  photograph  of  the 
surface  of  the  tube,  showing  the  colony  of  B.  subtilis. 

Fig.  11.  The  figure  shows  how  the  result  of  an  experiment  in  glass  on  the 
effect  of  a  bacteriostatic  agent  may  vary  with  slightly  changing  conditions  and 
illustrates  some  of  the  difficulties  encountered.  A,  stroke  of  a  suspension  of 
B.  subtilis;  B,  stroke  of  a  suspension  of  B.  subtilis  with  reinoculation  of  gentian 
violet  agar;  C,  stroke  of  a  thick  suspension  of  B.  coli;  D,  stroke  of  a  thin  sus- 
pension of  B.  coli;  E,  stroke  of  a  thick  suspension  of  Strain  X;  F,  stroke  of  a  thin 
suspension  of  Strain  X;  G,  stroke  of  a  thick  suspension  of  Strain  Y. 
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COMMUNAL  ACTIVITY  OF  BACTERIA.* 

By  JOHN  W.  CHURCHMAN,  M.D.,  and  MORTON  C.  KAHN. 
{From  the  Department  of  Hygiene  of  Cornell  University  Medical  College,  New  York.) 

Plates  78  to  80. 
(Received  for  publication,  November  3,  1920.) 

The  isolation  of  a  strain  of  Bacillus  coli  fast  to  gentian  violet, 
that  is  one  containing  no  individuals  susceptible  to  the  bacterio- 
static properties  of  the  dye,'  has  made  it  possible  to  study  quanti- 
tatively the  reaction  between  this  bacteriostatic  agent  and  bacteria, 
without  encountering  the  disturbing  factor  usually  met  in  such  studies 
which  results  from  the  variability  in  susceptibility  of  individual 
organisms  to  the  chemical  substance  under  examination.  This  strain 
— Strain  X — had  been  isolated  from  a  single  colony  growing  on  gen- 
tian violet  agar,  and  had  been  kept  growing,  by  frequent  transplants, 
on  media  containing  the  dye,  over  a  period  of  several  weeks.^  The 
ability  of  every  individual  to  grow  in  the  presence  of  the  dye  had  there- 
fore been  proved. 

With  this  strain  a  large  number  of  single  cell  and  small  group 
transplants  have  been  made  in  order  to  see  whether  any  difference 
could  be  observed  between  the  behavior  of  isolated  individual  organ- 
isms and  that  of  very  small  aggregations  of  the  same  organisms. 
The  experiments  showed  that  a  marked  difference  exists. 

The  technique  used  was  that  of  Barber.'  Only  motile  organisms 
were  transplanted.  The  transplants  were  always  made  with  young 
broth  cultures  2  to  4  hours  old,  but  it  was  found  equally  important 
to  use  for  the  stock  cultures,  from  which  the  broth  cultures  for  study 
were  made,  fresh  agar  transplants  not  more  than  18  hours  old;  when 

*  A  preliminary  report  of  these  observations  was  published  in  the  Proceedings 
of  the  Society  of  Experimental  Biology  and  Medicine  (Churchman,  J.  W.,  Proc. 
Soc.  Exp.  Biol,  and  Med.,  1920,  .xviii,  22). 

1  Churchman,  J.  W.,  J.  Exp.  Med.,  1921,  xxxiii,  569. 

^  See  Figs.  5  and  6,  of  the  preceding  paper.' 

'  Barber,  M.  A.,  Philippine  J.  Sc,  1914,  ix,  307. 
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older  agar  transplants  were  used  there  were  delay  and  inconstant 
results  in  the  controls.  We  observed  this  type  of  lag,  due  to  the  age 
of  the  culture  from  which  the  subculture  for  the  transplantation  was 
made,  independently,  before  knowing  of  Chesney's  work/  To  bear 
it  in  mind  in  single  cell  work  is  essential. 

To  determine  the  beha\aor  of  single  cells  in  the  presence  of  gen- 
tian violet,  transplantations  were  made  onto  gentian  violet  agar  and 
into  gentian  violet  broth,  and  by  way  of  comparison,  similar  trans- 
plants of  small  groups  of  cells  were  made  into  the  same  media. 

Transplantation  onto  Gentian  Violet  Agar. 

Although,  as  has  been  said,  the  organism  with  which  the  experi- 
ments were  done  was  definitely  gentian-negative  and  grew  with 
apparently  no  inhibition  when  strokes  of  a  heavy  suspension  were 
made  onto  agar  containing  the  dye,^  transplants  of  single  cells  almost 
never  grew,  although  as  high  as  85  per  cent  positives  were  obtained 
in  the  controls.  In  the  only  two  instances  in  the  whole  series  of 
single  cell  transplants  in  which  growth  occurred,  marked  delay  took 
place,  a  delay  which  was  never  observed  in  the  controls.  Moreover, 
transplants  of  small  groups  of  organisms  (five  to  fifteen)  did  not  grow, 
though  transplants  of  thirty  individuals  grew  regularly  (Figs.  1  to  5) . 

Transplantation  into  Gentian  Violet  Broth. 

The  experiments  just  cited  made  it  seem  likely  that  there  was 
some  fundamental  difference  between  the  beha\'ior  of  a  single  cell  and 
that  of  a  small  group  of  cells  in  the  presence  of  gentian  \'iolet  and  this 
probability  became  a  certainty  as  a  result  of  the  transplantations 
made  into  gentian  violet  broth  in  a  dilution  of  1 :  100,000,  pH  7.2. 
The  gentian  negativeness  of  the  organism  used  for  this  series  of  experi- 
ments was  even  more  authentic  than  that  of  the  one  used  in  the  agar 
experiments.  It  came  from  the  colony  marked  B  in  Fig.  5.  This 
was  one  of  the  only  two  colonies  which  ever  appeared  in  our  experi- 
ments after  transplantation  of  a  single  cell  onto  gentian  violet  agar. 
Colony  A  on  this  plate  was  just  \'isible  at  the  end  of  18  hours,  though 

^  Chesney,  A.  M.,  J.  Exp.  Med.,  1916,  xxiv,  387. 
^  See  Fig.  S  of  the  preceding  paper.' 
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the  controls  were  well  developed  at  this  time  (Fig.  3).  At  the  site 
where  Colony  B  subsequently  developed  nothing  was  at  this  time  to 
be  seen,  even  with  a  magnifying  glass;  Colony  B  appeared  during 
the  second  24  hours. 

The  organisms  in  Colony  B  pro\'ided  material  for  a  study  of  the 
effect  of  gentian  violet  on  single  cell  transplants  that  was  above 
criticism.  Not  only  had  it  come  from  a  pure  gentian-negative  strain 
and  been  kept  growing  for  weeks  on  gentian  \iolet  media,  but  the 
organisms  in  Colony  B  were  all  the  descendants  of  a  single  cell  which 
had  survived  and  reproduced  in  the  presence  of  the  dye.  One  could 
feel  certain  that  every  individual  in  this  culture  was  gentian  violet- 
negative;  one  did  not  have  to  consider  the  possibility  that  failure  of 
growth  in  single  cell  transplants  might  be  a  matter  of  chance  and  due 
to  the  presence  of  indi\'iduals  susceptible  to  the  dye,  which  hap- 
pened to  be  picked  up.  As  a  matter  of  fact,  this  possibility  of  a 
chance  picking  up  of  susceptible  organisms  could  hardly  be  seriously 
considered  as  an  explanation  of  the  results,  if  the  large  number  of 
transplants  made  is  borne  in  mind. 

The  pedigree  of  Colony  B  is  shown  in  Text-fig.  1.  The  results  of 
the  inoculation  of  broth  with  this  strain  which  was  called  Strain  Z 
showed  beyond  doubt  that  there  is  a  fundamental  difference  between 
the  behavior  of  one  cell  and  that  of  a  small  group  of  cells  toward 
gentian  \aolet.  80  per  cent  positives  were  obtained  in  the  controls  in 
which  single  cells  were  inoculated  into  plain  broth;  and  almost  100 
per  cent  positives  were  obtained  when  thirty  or  more  cells  were 
planted  in  gentian  \-iolet  broth.  Yet  when  single  cells  were  planted 
in  gentian  \'iolet  broth,  or  when  very  small  groups  (two  to  eight 
organisms)  were  seeded,  growth  did  not  occur  (Figs.  6  and  7).  On 
the  basis  of  140  successive  single  cell  transplants  into  gentian  violet 
broth  without  growth  in  any  instance,  the  conclusion  seemed  Justified 
that  single  cells  would  never  grow  under  these  conditions.  In  a  final 
series,  however,  of  eight  inoculations  delayed  growth  was  obtained 
in  one  tube  in  the  second  24  hours,  an  occurrence  so  rare  that  it 
seems  justifiable  to  regard  it  as  the  occasional  and  unexplained 
exception  met  with  in  the  study  of  almost  every  biological  phenom- 
enon. These  negative  results  with  single  cells  were  striking  when 
compared  with  the  almost  absolute  constancy  with  which  growth 
occurred  when  groups  of  thirty  or  more  cells  were  inoculated. 
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The  term  communal  activity  of  bacteria  is  used  to  express  the 
facts  just  detailed.  This  term  is  open  to  the  objection  that  bacterial 
interreactions  are  implied,  for  which  there  is  at  present  no  rigorous 
evidence.  It  might  be  that  thirty  cells  succeed  in  growing,  merely 
because  thirty  cells  are  able  to  produce  some  antidye  substance  in  an 
amount  sufficient  to  destroy  the  bacteriostatic  effect  of  the  dye, 
while  one  cell  fails  to  grow  because  it  is  unable  to  do  this.     Without 
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Text- Fig.  1.  Pedigree  of  Strain  Z.  A,  original  culture  of  B.  coli,  containing 
gentian-negative  and  gentian-positive  individuals;  B,  pure  culture  of  gentian- 
negative  strain,  isolated  from  A;  C,  pure  culture  of  gentian-positive  strain  iso- 
lated from  A;  D,  single  cell  from  Strain  B;  E,  colony  resulting  from  planting 
Strain  D  on  agar. 

implying  anything  as  to  the  underlying  source  of  the  phenomenon 
we  use  the  term  communal  acti\ity  to  describe  it  in  order  to  indicate 
that  in  the  contest  between  bacteria  and  bacteriostatic  agents  very 
small  groups  of  organisms  may  be  able  to  accomplish  together  what 
they  could  not  accomplish  if  working  singly.  The  significance  of 
these  facts  for  the  study  of  chemotherapy  and  particularly  for  the 
study  of  the  effect  of  bacteriostatic  agents  by  the  single  cell  method  is 
clear.     One  cannot  conclude  from  the  behavior  of  a  single  cell  in  the 
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presence  of  such  a  substance  anything  as  to  the  behavior  of  a  group 
of  cells,  even  a  very  small  group,  under  the  same  conditions. 

It  may  perhaps  be  again  emphasized  that  the  results  obtained  in 
these  experiments  were  clearly  not  due  to  individual  variants,  suscep- 
tible to  gentian  violet,  which  happened  to  be  picked  up  in  making  the 
single  cell  transplants.  Not  only  was  the  strain  used  one  which 
had  proved  its  insusceptibility  to  gentian  violet  by  growing  in  the 
presence  of  this  dye,  but  the  failure  of  growth  in  140  consecutive 
single  cell  transplants  into  gentian  violet  broth  eliminates,  by  the 
law  of  probabilities,  such  an  explanation. 

It  should  be  clear  that  the  fact  here  established  is  of  a  different 
order  from  the  well  known  relation  between  growth  and  gross  size 
of  inoculum.  The  presence  of  large  numbers  of  dead  organisms  in 
the  ordinary  culture  and  of  organisms  which,  though  living,  are  sus- 
ceptible to  the  slightly  unfavorable  conditions  of  the  new  media  into 
which  they  are  transplanted  makes  it  more  probable  that  growth  will 
follow  the  inoculation  of  media  with  500,000,000  organisms  than  if 
only  500  are  used.  But  in  the  experiments  described  here  only  living, 
motile  organisms  were  used,  and  only  individuals  from  a  strain 
which  had  proved  its  abihty  to  grow  in  the  presence  of  the  dye  and  did 
so  constantly  when  inoculated  in  groups  of  thirty  or  more.  It  seems 
probable  that  some  factor  not  hitherto  recognized  must  be  found  to 
account  for  the  difference  in  behavior  between  one  cell  and  thirty 
cells  and  that  it  is  a  factor  other  than  that  which  accounts  for  the 
difference  in  behavior  between  500  cells  and  500,000,000. 

VV^e  have  done  a  large  number  of  experiments  to  determine  whether 
the  facts  just  detailed  were  to  be,  explained  simply  by  the  relation 
of  the  number  of  transplanted  organisms  to  the  amount  of  available 
gentian  violet;  that  is,  whether  the  whole  phenomenon  is  a  purely 
quantitative  one.  Large  inoculations  of  this  gentian-negative  strain 
grow  in  the  presence  of  gentian  violet  without  any  apparent  restraint; 
so,  too,  do  inoculations  of  thirty  cells;  whereas  single  cells,  under 
identical  conditions,  do  not  grow  at  all.  This  might  be  due  to  the 
fact  that  groups  of  cells,  even  small  groups  of  thirty  individuals,  were 
able  to  make  some  change  in  the  dye,  gentian  violet  being  assumed  to 
offer  a  slightly  unfavorable  medium  even  for  this  gentian-negative 
strain,  in  spite  of  the  absence  of  any  apparent  inhibition  to  the  growth 


588  COMMUNAL  ACTIVITY   OF   BACTERIA 

of  groups  of  cells.  Single  cells  might  be  unable  to  effect  this  change 
in  dye  in  an  amount  sufficient  to  allow  growth  to  take  place.  If  this 
explanation  were  the  correct  one,  it  should  be  possible  to  demonstrate 
an  approximate  relation  between  the  number  of  organisms  and  the 
amount  of  gentian  xiolet  broth  in  which  a  given  group  could  grow. 
In  the  experiments  thus  far  described  the  transplants  were  made  into 
5  cc.  of  1:  100,000  gentian  violet  broth.  Under  these  conditions  one 
cell  would  not  grow  but  thirty  cells  would.  If  it  is  assumed  that  this 
was  because  thirty  cells  could  produce  thirty  times  the  amount  of 
antidye  substance  produced  by  one  cell,  then  by  merely  multiplying 
by  thirty  the  amount  of  gentian  \iolet  broth  into  which  the  inocu- 
lations were  made,  that  is  by  using  for  example  150  cc,  the  growth 
of  thirty  organisms  should  be  prevented.  As  a  matter  of  fact 
thirty  organisms  will  grow,  with  a  fair  degree  of  constancy,  not  only 
in  this  amount  of  gentian  \'iolet  broth,  but  in  very  much  larger 
amounts.  When  inoculations  of  thirty  organisms  were  made,  for 
example,  into  a  liter  of  gentian  xiolet  broth,  growth  occurred  in  60 
per  cent  of  the  flasks,  though  if  the  explanation  of  the  phenomena 
described  were  purely  quantitative  it  should  be  necessary  to  seed  6,000 
organisms  into  this  amount  of  gentian  violet  broth  in  order  to  obtain 
growth;  that  is,  thirty  organisms  accomplish  not  thirty  times  what 
one  organism  accomplishes,  but  very-  much  more  than  this.  This 
discrepancy  between  the  work  actually  accomplished  by  thirty  organ- 
isms, and  the  work  which  they  might  be  e.xpected  to  accomplish  on  a 
purely  quantitative  basis  is  represented  by  the  line  A-B  in  Text- 
fig.  2. 

It  might  be  objected  that  bacteria  ought  not  to  be  thought  of  as 
units  exactly  equal  to  one  another  in  efficiency.  A  given  group  of 
thirty  might  be  able  to  do  only  fifteen  times  the  work  of  one  very 
\igorous  organism,  while  another  group  of  thirty  might  be  able  to 
do  60  times  the  work  of  a  relatively  weak  organism.  If,  however, 
there  was  any  very  marked  individual  variation  in  the  ability  of 
individual  organisms  to  cope  with  gentian  violet,  this  would  have 
shown  itself  in  occasional  growths  of  vigorous  cells  when  single  ceU 
transplants  were  made.  Furthermore,  such  a  variation  would  hardly 
explain  why  thirty  cells  can  grow  in  a  liter  of  gentian  violet  broth, 
and  thus  do  what  not  less  than  6,000  might  be  expected  to  do. 
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Text-Fig.  2.  The  solid  line  at  the  bottom  of  the  chart  represents  the  curve 
of  growth  of  thirty  organisms.  These  grow  even  in  a  liter  of  gentian  violet  broth. 
The  dotted  line  represents  the  curve  that  would  be  expected  if  the  growth  of 
groups  of  organisms  depended  entirely  on  the  quantity  of  available  gentian  violet; 
in  a  liter  of  gentian  violet  broth  6,000  organisms  would  have  to  be  seeded  to  pro- 
duce growth.  The  line  A-B  represents  the  discrepancy  between  what  actually 
occurs  and  what  would  be  expected  to  occur  from  a  quantitative  theory  of  the 
difference  between  the  behavior  of  one  cell  and  that  of  a  group  of  cells. 
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That  the  amount  of  available  gentian  violet  does,  within  very- 
narrow  limits,  play  some  part  in  the  prevention  of  growth  of  single 
cells  is  shown  in  Text-fig.  3.  The  dotted  line  A-B  represents  the 
results  of  single  cell  inoculations  into  gentian  violet  broth.  It  will 
be  seen  that  single  cells  never  grow  in  more  than  0.8  cc,  but  that  in 
amounts  smaller  than  this  a  fair  number  of  positives  occur.  WTien 
0.1  cc.  was  used  60  per  cent  positives  were  obtained.  The  corre- 
sponding amount  of  gentian  violet  broth  for  thirty  organisms  would 
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Text-Fig.  3.  A-B  is  the  curve  of  growth  for  single  cells — 0  per  cent  when 
5  cc.  of  broth  were  used,  60  per  cent  when  0.1  cc.  was  used.  C-D  is  the  curve  of 
growth  for  thirty  cells,  100  per  cent  when  5  cc.  of  broth  were  used,  60  per  cent 
when  1  liter  was  used. 

be  thirty  times  0.1  cc,  or  3  cc. ;  yet  as  a  matter  of  fact  60  per  cent 
positives  were  obtained  with  thirty  organisms  in  over  300  times 
this  amount  of  gentian  violet  broth;  that  is,  in  a  liter  (Text-fig.  3, 
line  C-D).  It  is  important  to  observe  that  the  amount  of  broth 
used  for  the  experiments,  independent  of  the  amount  of  gentian 
violet,  did  not  play  a  part  in  the  results,  for  in  experiments  made  to 
detennine  this  point,  75  per  cent  positives  were  obtained  when  single 
cells  were  inoculated  into  a  liter  of  plain  broth. 
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It  seems  clear,  therefore,  that  thirty  cells,  instead  of  being  able 
to  accomphsh  thirty  times  what  one  cell  can  accomplish,  are  able  to 
accomplish  very  much  more  than  this.  To  this  discrepancy  between 
the  work  that  thirty  cells  can  do  and  the  work  they  might  be  expected 
to  do,  on  a  purely  quantitative  basis,  the  term  communal  activity  has 
been  applied.  For  the  present  its  nature  cannot  be  more  accurately 
defined. 

SUMMARY. 

1.  The  behavior  of  a  single  bacterial  cell  toward  gentian  violet 
difi'ers  fundamentally  from  that  of  a  small  group  of  cells  (thirty). 

2.  The  explanation  of  this  phenomenon  is  not  purely  quantitative; 
thirty  cells  accomplish  much  more  than  thirty  times  what  one  cell 
can  accomplish. 

EXPLANATION  OF  PLATES. 
Plate  78. 

Fig.  1.  Single  unstained  cells  planted  on  gentian  violet  agar;  no  growth. 

Fig.  2.  Groups  of  unstained  cells  of  a  gentian-negative  strain  of  B.  coli  planted 
on  gentian  violet  agar.  The  smaller  groups  did  not  grow.  The  number  of  cells, 
in  the  group  planted  is  indicated  on  each  tube. 

Plate  79. 

Fig.  3.  Transplantation  of  single  cells  on  plain  agar  for  control.  In  Divi- 
sions 1  and  2  two  separate  plants  [a  and  b,  c,  and  d)  were  made,  in  the  other  divi- 
sions only  one.     Six  growths  were  obtained  out  of  seven  plants. 

Fig.  4.  Transplantation  of  single  cells  of  B.  coli  on  gentian  violet  agar.  One 
cell  was  planted  in  each  of  the  ten  divisions.    No  growth  occurred. 

Fig.  S.  Transplantation  of  single  cells  of  B.  coli  on  gentian  violet  agar.  A 
single  cell  was  planted  in  each  division.  A,  barely  visible,  B,  invisible  at  the 
end  of  24  hours.  These  two  colonies  are  the  only  two  growths  which  have  ever 
occurred  from  single  cells  in  gentian  violet  media. 

Plate  80. 

Fig.  6.  Single  cell  transplantations  into  broth.  Strain  Z,  a  gentian-negative 
strain  from  a  single  ceU,  was  used  for  the  seeding.  Growth  is  represented  by  shad- 
ing. 80  per  cent  positives  were  obtained  in  the  control  series  (upper  row),  no 
positives  in  the  gentian  violet  broth  series  (lower  row). 

Fig.  7.  Group  transplantations  of  a  gentian-negative  strain  of  B.  coli  (Strain  Z) 
into  gentian  violet  broth.  The  number  of  ceUs  seeded  is  indicated  on  each  tube. 
Groups  below  twenty-seven  did  not  grow.  Compare  the  growth  of  the  larger 
groups  with  the  failure  of  single  cells  to  grow  (see  Fig.  6). 
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(Cliurcliniaii  and  Kalui:  Communal  activity  of  bacteria.) 
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(Churchmau  and  Kahn:  Communal  activity  of  bacteria.) 


FATE  OF  THE  LYMPHOCYTE. 

By  C.  H.  bunting,  M.D.,  and  JOHN    HUSTON. 
{From  the  Pathological  Laboratory  of  the  University  of  Wisconsin,  Madison.) 

(Received  for  publication,  February  21,  1921.) 

The  normal  function  of  the  lymphocyte,  as  a  cell,  and  the  fate  of 
the  lymphocytes  that  enter  the  blood  circulation  are  questions  which 
apparently  have  not  been  solved.  It  seems  to  be  generally  accepted 
that  lymphocytes  are  produced  in  the  lymphoid  tissue  of  the  body  and 
only  to  a  minor  extent,  if  at  all,  in  the  bone  marrow.  From  the  lym- 
phoid tissue  they  gain  entrance  to  the  efferent  lymphatics,  and  are,  in 
the  words  of  Davis  and  Carlson,'  "as  much  a  part  of  the  lymph  as  the 
erythrocytes  and  leucocytes  are  of  the  blood."  Eventually  the  lym- 
phocytes, which  have  entered  the  lymph  stream,  in  part  at  least, 
reach  the  blood  circulation  through  the  major  lymph  trunks,  and 
chiefly  through  the  thoracic  duct.  The  content  of  the  thoracic  duct 
lymph  is  high  in  lymphocytes.  Thus,  in  eleven  dogs  studied  by  Rous' 
the  leucocytes  per  c.  mm.  varied  from  2,400  to  13,120.  Of  these  cells, 
the  majority  was  lymphocytes.  Davis  and  Carlson'  found  the  num- 
ber in  dogs  to  vary  from  1,000  to  30,000  leucocytes  per  c.  mm.,  of 
which  from  95  to  100  per  cent  were  lymphocytes. 

While  it  is  not  certain  that  the  rate  of  flow  of  lymph  from  the 
thoracic  duct  through  a  cannula  represents  the  normal  flow  into  the 
jugular  vein,  especially  since  the  animal  is  anesthetized,'  yet,  when 
such  flow  remains  fairly  constant  over  a  period  of  hours,  one  must  as- 
sume that  it  approximates  the  normal  flow.  If,  with  this  point  in  mind, 
we  calculate,  from  fourteen  dogs  in  Rous'-  series  on  a  basis  of  the 
lymphocyte  content  of  the  thoracic  duct  per  cubic  millimeter  and  the 
rate  of  flow  during  fixed  intervals  of  his  experiments,  we  find  a  sur- 
prisingly large  number,  3,300,000,000  cells,  as  the  total  number  that 

'Davis,  B.  F.,  and  Carlson,  A.  J.,  Am.  J.  Physiol.,  1909-10,  xxv,  173. 
'  Rous,  P.,  J.  Exp.  Med.,  1908,  x,  238,  329,  537. 
'All. operations  were  performed  under  ether  anesthesia. 
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would  enter  the  blood  stream  during  24  hours.  This  is  a  larger  num- 
ber than  that  of  lymphocytes  present  in  the  blood  stream  at  any  one 
time.  Davis  and  Carlson  agree  with  this  estimate  in  their  statement 
that  "many  more  lymphocytes  enter  the  blood  with  the  lymjjh  in  the 
course  of  24  hours  than  can  be  found  in  the  blood  at  any  given  time." 
Given  these  findings,  then,  of  the  entrance  of  an  enormous  number  of 
lymphocytes  into  the  blood  each  day,  and  the  further  fmdings  of  a 
relatively  constant  count  of  such  cells  in  the  circulating  blood,  a  prob- 
lem of  great  interest  is  presented  as  to  the  fate  of  these  cells.  As 
many  cells  must  disappear  from  the  circulation  each  day  as  are  intro- 
duced into  it,  or  we  would  find  not  a  constant  count  but  an  ever  in- 
creasing accumulation  of  these  cells  in  the  blood  stream.  It  is  with 
this  problem  that  the  present  paper  is  concerned.  There  would  seem 
at  the  outset  only  three  possibilities  as  to  the  fate  of  the  lymphocyte: 
(1)  It  might  be  changed  in  development  into  some  other  type  of  leu- 
cocyte. (2)  It  might  disintegrate  in  the  blood  stream.  (3)  It  might 
leave  the  blood  stream.  Since  the  first  possibility  seems  remote,  as  a 
result  of  modern  work  on  hematology,  we  think  that  it  may  be 
dismissed  from  consideration  and  have  therefore  confined  our  work 
to  the  two  other  possibilities. 

EXPERIMENTAL. 

Our  work  has  been  done  on  rabbits,  and  although  chiefly  the  fate 
of  the  lymphocyte  has  been  studied,  a  few  observations  have  been 
made  on  these  cells  in  the  thoracic  duct  and  on  the  rate  of  flow. 
Direct  counts,  obtained  not  on  freely  flowing  fluid,  but  from  fluid 
from  the  duct  immediately  after  the  death  of  the  animal,  showed  from 
20,000  to  50,000  cells  per  c.  mm.  in  four  animals,  with  a  proportion  of 
80  per  cent  of  small  lymphocytes  to  20  per  cent  of  larger  lymphoid 
cells  in  counts  of  1,000  cells  Granular  polymorphonuclear  cells  and 
red  cells  do  not  appear  as  normal  constituents  of  the  thoracic  duct 
lymph  of  the  rabbit.  Agglutinated  masses  of  poorly  staining  lym- 
phocytes, apparently  disintegrating,  are  quite  numerous  in  stained 
films  of  duct  lymph.  The  possible  significance  of  these  will  be  re- 
ferred to  later.  We  have,  in  one  of  two  attempts,  succeeded  in  cathe- 
terizing  the  thoracic  duct  in  the  rabbit  and  we  obtained  lymph  flow  at 
the  rate  of  1  cc.  in  10  minutes,  in  an  etherized  animal.     This  does  not 
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necessarily  represent  the  normal  rate  of  flow.  The  animal  is  in  an 
abnormal  position;  the  rate  and  depth  of  its  respiration  are  abnormal 
and  seem  to  determine  the  progress  of  the  column  of  fluid  through  the 
cannula.  As  the  cannula  must  be  of  almost  capillary  size,  capiUary 
attraction  must  be  a  factor  in  rate  of  delivery;  on  the  other  hand,  the 
viscosity  of  the  lymph  prevents  free  dropping  from  the  end  of  the 
cannula.  Withal,  it  may  be  assumed  that  a  very  considerable  num- 
ber (a  billion  or  more)  of  lymphocytes  enter  the  blood  from  the  thoracic 
duct  in  the  course  of  a  day. 

Determination  of  the  Rapidity  of  the  Disappearance  of  Lymphocytes 

from  the  Blood- 
In.  a  series  of  experiments  on  the  rabbit,  we  attempted  to  cut  off 
the  inflow  of  lymphocytes  into  the  circulation  and  thus  to  determine 
the  rapidity  of  their  disappearance  from  the  blood.  As  a  primary  pro- 
cedure, animals  were  splenectomized  under  ether  anesthesia  to  exclude 
the  direct  entrance  into  the  blood  of  l>-mphocytes  from  the  Mal- 
pighian  corpuscles.  Then,  after  a  sufficient  interval  for  recovery  and 
for  return  of  the  leucocyte  formula  to  approximately  normal,  the 
thoracic  duct  was  occluded  by  a  ligature  which  included  both  the 
thoracic  duct  and  the  jugular  vein  just  below  the  entrance  of  the 
former  into  the  jugular.  In  later  experiments  the  neck  lymphatic 
trunks  on  the  right  and  left  sides  were  also  tied.  Since  the  results  of 
these  experiments  were  uniform,  as  far  as  the  trend  of  the  change  in 
the  lymphocyte  count  is  concerned,  although  there  was  a  variation  in 
degree,  it  does  not  seem  necessary  to  report  the  series  in  detail,  espe- 
cially as  the  procedure  is  not  new  and  the  results  do  not  differ  from 
those  of  others.     The  two  protocols  below  illustrate  the  results. 

Rabbit  1. — ^Male;  weight  1,500  gm.  December  1,  1920.  Spleen  removed  under 
ether  and  with  aseptic  precautions.  Recovery,  apparently  without  complica- 
tions. December  9.  With  careful  surgical  technique  one  hgature  was  placed 
around  thoracic  duct  and  left  jugular,  and  a  second  about  the  main  right  cervical 
lymph  trunk.  Blood  counts,  made  from  the  right  ear  with  free  flow  of  blood, 
are  given  in  Table  I. 

In  this  animal  there  is  a  drop  in  lymphocytes  of  1,826  per  c.  mm.  in 
5  hours  and  1,955  in  10  hours  after  partially  cutting  off  the  supply, 
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with  a  gradual  return  toward  the  normal  number.  On  the  basis  of 
75  cc.  (5  per  cent  of  body  weight)  of  blood  this  primary  drop  repre- 
sents the  disappearance  from  the  blood  stream  of  136,950,000  lympho- 
cytes in  5  hours.  The  simultaneous  drop  in  polymorphonuclears  is 
definitely  due  to  migration  into  the  operative  field. 

TABLE   I. 


Total  No. 
of  leuco- 
cytes. 

Lymphocytes. 

Neutrophils. 

Basophils. 

Large  mono- 
nuclears. 

Time. 

Per 
cent. 

No. 

2,240 
2,890 
1,064 
935 
1,920 
1,748 
1,516 
1,826 
2,116 

Per 

cent. 

No. 

Per 

cent. 

6 

2.5 

3 

4 

5 

4 

4 

\ 

No. 

480 
212 
168 
220 
400 
304 
276 
415 
324 

Per 
cent. 

5 
3 
8 
13 
13 
14 
13 
13 
12 

No. 

Before  splenectomy 

"      tying  thoracic  duct . 

8,000 
8,500 
5,600 
5,500 
8,000 
7,600 
6,900 
8,300 
8,100 

28 
34 
19 
17 
24 
23 
22 
22 
25 

61 

60.5 

70 

66 

58 

59 

61 

60 

58 

4,880 
5,142 
3,920 
3,630 
4,640 
4,484 
4,209 
4,980 
4,698 

400 
255 
448 

10    "      "    

715 

24    "      "        

1,140 

2  days  "     

1,064 

3    "      "    

897 

4    "      " 

1,079 

6    "      "    

972 

TABLE   n. 


Total  No. 
of  leuco- 
cytes. 

Lymphocytes. 

Neutrophils. 

Basophils. 

Large  mono- 
nuclears. 

Tmie. 

Per 

cent. 

No. 

2,091 
4,770 
340 
310 
1,005 
1,320 
1,251 
1,900 
3,118 

Per 

cent. 

41 

36 

85 
86 
73 
78 
72 
66 
50.5 

No. 

Per 
cent. 

No. 

Per 
cent. 

No. 

Before  splenectomy 

"      tying  thoracic  duct. 

4,100 
9,000 
4,500 
6,200 
6,700 
12,000 
9,700 
7,600 
7,700 

51 
53 

8 

5 
15 
11 
13 
25 
40.5 

1,678 
3,240 
3,825 
5,332 
4,891 
9,160 
6,984 
5,016 
3,888 

3 
5 
4 
5 
5 
2 
3 
3 
3,5 

123 
450 
180 
310 
335 
240 
291 
228 
277 

5 

6 
3 
4 
7 
9 
12 
6 
5.5 

205 
540 
135 

12    "      "    

248 

24    "      "     

4^9 

48    "      "    

1,080 

4  days  "     

1.164 

6    "      "    

456 

10    "      "    

423 

Rabbit  2.— Male;  2,000  gm.  December  7,  1920.  Splenectomy.  Recover>'  took 
place  without  apparent  complications  and  none  was  found  at  subsequent  autopsy. 
January  5,  1921.  The  thoracic  duct  and  jugular  were  included  in  a  ligature;  a 
second  was  placed  above  to  include  the  left  cervical  trunk;  the  right  cervical  main 
trunlt  was  tied,  and  an  attempt  was  made  to  dissect  free  the  IjTnphatic  trtmks  in 
the  neighborhood  of  the  right  jugular  and  subclavian  junction.  The  tissues 
■were  closed  in  layers  by  interrupted  sutures.  The  blood  coimts  in  this  animal 
are  given  in  Table  II. 
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In  this  animal,  with  probably  better  exclusion  of  lymphocytes, 
there  is  a  drop  in  the  number  of  lymphocytes  of  4,430  per  c.  mm.  in  6 
hours,  or,  on  a  basis  of  100  cc.  of  blood,  a  total  disappearance  from  the 
circulation  of  443,000,000  lymphocytes,  a  fact  well  confirmed  by  the 
count  after  12  hours.  This  is  followed,  as  in  the  pre\aous  animal, 
by  a  gradual  return  toward  normal. 

In  this  last  animal  the  most  successful  exclusion  of  IjTiiphocytes 
was  obtained.  Success  depends  upon  the  character  of  the  main  lymph 
trunks.  The  rabbit  is  not  satisfactory  for  such  experiments  since 
there  is  frequently  a  right  thoracic  duct  as  well  as  a  left,  as  pointed 
out  by  Gage^  and  as  our  injections  of  experimental  animals,  post 
mortem,  have  indicated.  There  are  also  many  anastomosing  lymph 
vessels  near  the  entrance  of  the  duct  into  the  jugular.  Injection  of 
the  thoracic  duct  through  the  capsule  of  the  mesenteric  Ij'mph  glands 
in  one  of  our  animals  showed  anastomosing  vessels  leading  through 
the  thymus  toward  the  right  side.  It  is  through  the  utilization  of 
such  channels  that  the  IjTnphocyte  count  in  the  blood  is  gradually 
restored. 

Fate  of  the  Lymphocyte. 

With  these  indications  of  a  large  supply  of  IjTnphoc}' tes  and,  as  is 
consistent  with  this,  a  rapid  disappearance  of  these  cells  when  the 
supply  is  cut  off,  the  question  as  to  their  fate  is  still  left  unanswered. 
Do  they  disintegrate  in  the  blood  stream  or  do  they  leave  it?  Occa- 
sional disintegrating  IjTnphocytes  are  found  in  stained  blood  films 
made  from  normal  and  from  diseased  indi\'iduals,  and  it  seems  un- 
questionable that  some  lymphocytes  may  go  to  pieces  in  the  blood. 
In  an  attempt  to  answer  the  question  as  to  whether  this  is  the  fate  of 
the  large  majority  of  lymphocytes,  an  experiment  was  performed, 
which,  though  not  leaving  them  in  a  strictly  physiological  state,  simu- 
lated this  condition  as  closely  as  possible.  After  the  number  of 
lymphocytes  in  the  freely  flowing  blood  from  the  marginal  vein  of  the 
right  ear  had  been  established,  a  section  of  the  right  jugular  vein  full 
of  blood  was  isolated  between  carefully  applied  double  ligatures. 
Counts  of  the  cells  in  this  section  were  made  6  hours  later  in  some 

^  Gage,  S.  H.,  in  Buck,  A.  H.,  Reference  hand-book  of  the  medical  sciences, 
New  York,  2nd  edition,  1902,  v,  624. 


598 


FATE   OF   THE   LYMPHOCYTE 


animals  and  24  hours  later  in  others.  These  experiments  are  open  to 
objection  since  the  cells  are  probably  exposed  to  a  reduced  oxygen 
tension  in  the  stagnant  blood  and  the  varied  ameboid  motion  of  cells 
and  the  settling  of  corpuscles  cause  an  uneven  distribution  at  the  end 
of  24  hours  which  makes  the  counts  somewhat  questionable.  Yet, 
as  they  have  a  bearing  on  the  length  of  life  of  the  lymphocyte,  three 
counts  are  given  (Table  III). 


TABLE 

in. 

1 

Lymphocytes. 

Neutrophils. 

Basophils. 

Large  mono- 
nucleam. 

*J 

Site  of  count. 

Total 
count. 

1 

Per 
cent. 

No. 

Per 
cent. 

No. 

Per 
cent. 

No. 

Per 
cent. 

No. 

3 

Count  from  right  ear. 

7,800 

41 

3,198 

52 

4,056 

5 

390 

2 

156 

"      "     jugular  sec- 

7,250 

63 

4,567 

30 

2,175 

5.3 

384 

16 

116 

tion  6  hrs.  after  liga- 

tion. 

4 

Count  from  right  ear. 

7,250 

52 

3,770 

37 

2,682 

8 

580 

4 

295 

"      "     jugular  sec- 

4,600 

62 

2,852 

32 

1,372 

4 

184 

2 

92 

tion  24  hrs.  after  liga- 

tion. 

5 

Count  from  right  ear. 

9,000 

36 

3,240 

50 

4,500 

2 

180 

13 

170 

"      "     jugular    sec- 

6,800 

53 

3,604 

40 

2,720 

2 

136 

5 

340 

tion  24  hrs.  after  liga- 

tion. 

In  spite  of  the  inaccuracies  of  the  method,  there  is  apparently  a 
greater  disappearance  of  polymorphonuclear  cells  than  of  lympho- 
cytes. This  was  explained  by  histological  sections  made  through  the 
vein  wall,  which  showed  not  that  these  cells  were  destroyed,  but  that 
there  was  a  marked  migration  of  them  toward  the  operative  field. 
In  the  stained  film  from  the  jugular  blood,  the  most  striking  feature 
is  the  fact  that  the  lymphocytes  show  no  tendency  toward  disintegra- 
tion but  are  as  sharply  stained  and  clear-cut  in  the  differentiation  of 
nucleus  and  protoplasmic  rim  as  in  films  from  the  freely  circulating 
blood.  We  believe  that  the  experiments,  though  faulty,  indicate  that 
there  is  not  the  rapid  disintegration  of  the  cells  which  would  be  neces- 
sary to  explain  the  rate  of  their  disappearance  from  the  blood  when 
the  supply  is  cut  off.     They  must  leave  the  blood  stream. 
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Since  the  ameboid  motion  of  h-mphocytes  is  generally  accepted, 
there  is  no  objection  a  priori  to  the  proposition  that  they  leave  the 
blood  stream  under  normal  conditions  in  the  numbers  demanded  by 
the  figures  given.  The  question  arises  as  to  where  they  go.  The 
small  accumulations  of  lymphocytes  found  in  the  organs  generally 
will  not  account  for  the  vast  number  that  leaves  the  blood  vessels,  un- 
less the  cells  are  destroyed  in  the  tissues  as  rapidly  as  we  postulated 
their  destruction  in  the  blood  stream,  and  of  this  there  is  no  evidence 
in  normal  organs.  Without  destruction,  of  necessity  there  would  be 
an  increasing  accumulation  in  these  organs  such  as  may  be  seen  in 
lymphocytic  leucemias. 

A  search  of  the  organs  in  histological  section  leads  to  the  conclusion 
that  the  great  majority  of  these  lymphocytes  enter  the  mucosa  of  the 
gastrointestinal  tract  and,  in  addition,  pass  through  it  into  the  intes- 
tinal limien.  In  sections  of  rabbit  intestine  removed  immediately 
after  the  death  of  the  animal  and  fixed  rapidly  in  formaldehyde  with- 
out opening  or  disturbing  the  contents,  the  number  of  cells  in  the 
mucosa,  between  the  cells  of  the  intact  epithelial  lining,  and  in  the 
intestinal  content  is  surprising,  not  only  in  the  parts  of  the  tract  where 
Ijmiphocyte  production  takes  place,  as  in  the  lower  ileum  and  the 
appendix,  but  also  high  in  the  duodenvmi.  If  the  40  or  50  lym- 
phocytes which  may  be  counted  between  the  epithelial  cells  of  the 
tip  of  a  duodenal  \'illus  in  a  10  micron  section  are  multiplied  by  its 
probable  relation  to  the  surface  area  of  the  intestine,  there  is  no  dif- 
ficulty in  accounting  for  all  the  lymphocytes  that  disappear  from  the 
circulation.  Where  there  is  local  production,  as  in  the  Ijmiphoid 
nodules  of  the  appendix,  several  hundred  Ij-mphocytes  and  large  mono- 
nuclears may  be  found  in  a  section  through  the  mucus  of  a  single 
crypt.  In  a  section  of  the  intestine  made  without  disturbing  the  con- 
tents of  the  lumen,  collections  of  lymphocytes  and  larger  mononuclear 
cells  are  numerous  close  to  the  mucosa,  especially  in  the  small  intes- 
tine, even,  as  stated  above,  high  in  the  duodenum.  In  the  rabbit 
colon,  which  contains  inspissated  fecal  masses,  there  is  little  or  almost 
no  migration  of  lymphocytes.  The  scarcity  of  pol^miorphonuclear 
leucocytes  throughout  the  intestine  is  as  striking  as  the  presence  of  the 
mononuclear  cells. 

Several  attempts  were  made  to  count  the  free  lymphocytes  in  the 
intestinal  content  by  taking  up  into  a  calibrated  capillary   tube  a 
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known  amount  of  fluid  close  to  the  mucosa,  spreading  it  over  a  small 
part  of  a  cover-glass,  staining,  and  counting  the  total  number  of 
cells.  Such  a  count  gave  100  definite  lymphocytes  per  c.  mm.  for 
the  upper  duodenum,  480  for  the  ileum,  and  700  for  the  appendix. 
These  figures  are  without  significance  when  taken  in  relation  to  the 
total  volume  of  the  intestinal  contents,  as  the  lymphocytes  are  not 
evenly  distributed  throughout  the  contents,  at  least  in  recognizable 
form,  but  lie  close  to  the  mucosa.  However,  they  indicate  that  large 
numbers  of  lymphocytes  enter  the  lumen  normally.  In  fact,  one  may 
speak  of  a  normal  excretion  of  lymphocytes  from  the  intestinal  mu- 
cosa. This  takes  place  not  only  from  the  blood  stream  but  from  the 
lymphoid  nodules  and  patches,  which  are  shown  by  sections  to  be 
delivering  Ij-mphocytes  to  the  intestine  on  one  side,  and  to  the  efferent 
IjTTiphatics  on  the  other.  The  latter  cells  must  take  an  indirect  route 
through  the  thoracic  duct  and  the  blood  stream  to  reach  the  lumen. 
To  a  sUght  degree  the  same  process  is  visible  in  the  bronchial  mucosa 
of  the  rabbit. 

It  would  seem  then  that  under  normal  conditions  the  lymphocyte 
fulfills  its  function  to  a  large  degree  upon  the  surface  of  the  intestinal 
mucosa.  To  attempt  to  designate  that  function  would,  with  our  pres- 
ent knowledge,  be  a  matter  of  almost  pure  speculation.  In  attacking 
the  problem,  it  is  difiicult  not  to  be  influenced  by  the  immunity  of  the 
intestinal  mucosa  to  the  countless  bacteria  within  its  lumen  and  to 
their  toxins.  The  lymphocyte  is  not  phagocytic,  but  there  are  many 
indications  that  it  may  affix  toxins,  and  among  these  may  be  cited  the 
agglutination  of  lymphocytes  noted  in  the  thoracic  duct. 

CONCLUSION. 

Although  the  count  of  circulating  lymphocytes  in  the  blood  stream 
remains  constant,  more  lymphocytes  enter  the  blood  from  the  tho- 
racic duct  during  24  hours  than  are  present  in  the  blood  at  any  one 
time.  This  excess  of  lymphocytes  is  not  destroyed  in  the  blood 
stream.  The  cells  migrate  from  the  blood  vessels  into  the  mucous 
membranes  and  through  them  to  their  surface.  This  occurs  chiefly 
in  the  gastrointestinal  tract,  and  it  is  apparently  in  the  mucosa  and 
especially  within  the  intestinal  lumen  that  the  function  of  the 
lymphocyte  is  normally  performed. 


RELATION    OF    .\NTIBODY    AND    ANTIGEN    TO    SERUM 
DISEASE   SUSCEPTIBILITY. 

By  GEORGE  M.  MACKENZIE,  .M.D.,  and  W.  H.  LEAKE,*  M.D. 

{From  the  Medical  Clinic  of  the  Presbyterian  Hospital,  Columbia  University,  New 

York.) 

(Received  for  publication,  January  20,  1921.) 

Longcope  and  Rackemann'  have  reported  observations  on  the 
precipitin,  anaphylactic  antibody,  and  cutaneous  hypersensitiveness 
in  indi\'iduals  to  whom  serum  had  been  administered  therapeuti- 
cally. In  the  course  of  these  studies,  two  patients  were  encoun- 
tered who  developed  no  serum  disease.  It  was  found  that  in 
the  blood  of  these  patients,  no  precipitin  was  demonstrable.  The 
studies  reported  in  the  present  paper  were  undertaken  with  a  three- 
fold purpose:  (1)  to  pursue  further  the  investigation  of  the  relations 
between  precipitin  formation  and  the  symptoms  of  serum  reactions; 
(2)  to  determine  whether  or  not  the  disappearance  of  horse  serum 
from  the  circulation  can  be  brought  into  relation  with  precipitin 
formation  or  the  symptoms;  and  (3)  to  investigate  further  the  factors 
concerned  in  the  non-susceptibility  of  certain  indi\'iduals  to  serum 
sickness. 

Method. 

The  presence  in  the  patients'  serum  of  the  antipneumococcus  or 
antimeningococcus  horse  serum,  which  we  refer  to  as  precipitinogen, 
was  determined  by  specific  precipitation  with  the  serum  of  rabbits 
immunized  against  horse  serum.  This  anti-horse  rabbit  serum  was 
used  in  all  the  tests  without  inactivation,  and  without  preservatives, 
but  was  diluted  with  an  equal  volume  of  normal  salt  solution.  On 
each  day  on  which  tests  were  done,  the  rabbit  serum  was  titrated 

*  The  participation  of  Dr.  Leake  in  the  investigation  reported  in  this  paper  was 
made  possible  by  the  donation  of  a  fund  by  Mrs.  Arthur  W.  Swan. 

'  Longcope,  W.  T.,  and  Rackemann,  F.  M.,  J.  Exp.  Med.,  1918,  x,xvii,  341. 
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against  dilutions  of  normal  horse  serum,  and  to  insure  the  specificity 
of  the  reactions,  it  was  titrated  against  several  dilutions  of  normal 
human  serum.  Owing  to  the  frequent  occurrence  of  prozone  phe- 
nomena, it  was  found  necessary  to  set  up  several  dilutions  of  each  of 
these  controls,  because  sometimes  an  anti-horse  rabbit  serum  which 
gives  no  precipitation  with  human  serum  in  dilutions  of  1:2  or  1 :10 
will  give  a  definite  clouding  or  actual  precipitate  in  dilutions  of  1 :  100 
or  1:1,000.  Obviously,  any  such  undetected  non-specific  reactions 
would  lead  to  false  conclusions  as  to  the  presence  of  precipitinogen 
in  the  patients'  serum. 

In  the  determination  of  precipitinogen,  there  is  another  possible 
source  of  error  which  must  be  guarded  against.  It  is,  of  course,  well 
known  that  an  immune  serum  may  contain  both  precipitin  and  pre- 
cipitinogen without  forming  a  precipitate.^  '  But  if  two  such  sera 
are  mixed,  precipitation  follows.  In  determining  the  titer,  therefore, 
of  the  precipitinogen  in  the  patient's  serum,  it  is  important  to  use 
only  immune  sera  which  have  been  tested  and  found  to  be  free  from 
precipitinogen.  Otherwise  when  precipitin  is  present  in  the  serum 
of  the  patient,  it  will  precipitate  these  persisting  traces  of  pre- 
cipitinogen in  the  immune  rabbit  serum  and  make  it  appear  that 
precipitinogen  is  still  present  in  the  circulation  of  the  patient.  The 
absence  of  precipitinogen  from  the  immune  rabbit  serum  is  demon- 
strated by  securing  two  anti-horse  rabbit  sera  which,  when  titrated 
against  each  other,  produce  no  precipitation. 

Determinations  of  the  precipitin  in  the  patient's  serum  were  made 
by  the  usual  method  of  setting  up  the  patient's  serum,  diluted  with 
an  equal  volume  of  salt  solution,  against  several  dilutions  of  horse 
serum.  In  all  the  tests,  both  for  precipitin  and  precipitinogen,  a 
constant  amount  of  the  precipitating  serum  was  added  to  increasing 
dilutions  of  precipitinogen. 

Usually  the  tests  were  done  on  the  same  day  that  the  blood  was 
drawn,  but  in  a  few  instances  the  serum  was  kept  in  the  ice  box  over 
night  before  being  used.  After  being  set  up,  the  tubes  were  placed 
in  the  water  bath  for  1  hour  at  37°C.  and  then  in  the  ice  box  over 
night,  when  the  final  reading  was  made. 

2  Weil,  R.,  Proc.  Soc.  Exp.  Biol,  attd  Med.,  1914-15,  xii,  37. 
'  Denzer,  B.  S.,  /.  Infect.  Dis.,  1916,  xviii,  631. 


G.   M.   MACKENZIE   AND   W.   H.   LEAKE  603 

The  delicacy  of  these  tests  is  considerably  increased  if  the  serum  is 
perfectly  clear.  For  several  hours  after  an  ordinary  meal,  the  serum 
is  so  clouded  with  fat  that  accurate  readings  are  impossible.  When- 
ever possible,  therefore,  the  blood  was  drawn  after  a  14  hour  fast. 
This  almost  always  insures  a  perfectly  clear  serum. 

Material. 

By  the  methods  described  above,  we  have  studied  twenty-one 
patients  to  whom  serum  was  administered  for  therapeutic  purposes 
either  intravenously  or  intraspinally  in  amounts  varying  from  34  to 
630  cc.  There  were,  however,  two  patients  in  this  group  who,  we  felt, 
should  be  excluded  from  analysis  because  of  complicating  factors, 
affecting  to  an  unknown  degree  the  phenomena  under  consideration. 
One  of  these  was  a  patient  with  lobar  pneumonia.  Type  I,  syphilis, 
and  a  severe  amebic  colitis.  As  he  was  having  frequent  watery 
stools,  it  seemed  probable  that  he  might  be  eliminating  the  foreign 
serum  through  the  intestinal  mucosa.  If  such  were  the  case,  the 
precipitinogen  would  disappear  from  the  circulation  earlier  than  it 
would  if  only  the  usual  mechanism  for  elimination  were  operating. 
The  same  consideration  holds  for  the  other  patient  excluded  from 
analysis.  This  patient  was  a  child  5  years  old  with  Pneumococcus 
Type  I  peritonitis  and  empyema.  Laparotomy  and  thoracotomy 
were  done  and  the  abdomen  and  pleural  cavity  were  drained.  It 
was  therefore  thought  to  be  highly  probable  that  she  was  elimi- 
nating precipitinogen  through  the  abdominal  and  thoracic  sinuses 
and  that  conditions  were  not  comparable  to  those  existing  in  the 
other  patients.  It  is  noteworthy  that  the  discrepancy  observed 
in  these  two  patients  in  the  interrelations  of  precipitin,  precipitinogen, 
and  symptoms  was  merely  the  unusually  early  disappearance  of  pre- 
cipitinogen from  the  circulation. 

The  nineteen  patients  remaining  for  consideration  varied  in  age 
from  13  to  56.  There  were  thirteen  males  and  six  females.  They 
were  treated  with  antipneumococcus  or  antimeningococcus  serum  in 
amounts  varying  from  34  to  630  cc.  Eighteen  were  patients  with 
lobar  pneumonia,  Type  I,  and  one  was  a  patient  with  meningococcus 
meningitis.    Only  one  of  the  patients  showed  cutaneous  hypersen- 
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sitiveness  prior  to  the  therapeutic  administration  of  serum.  The 
single  individual  who  was  hypersensitive  when  he  came  under  obser- 
vation will  be  referred  to  again.  These  data  regarding  the  patients 
studied  are  shown  in  Table  I. 


TABLE   I. 
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No. 

Age. 
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REStJLTS. 

Analysis  of  the  results  obtained  in  this  series  of  nineteen  patients 
shows  that  from  the  point  of  \aew  of  circulating  precipitin,  persis- 
tence of  precipitinogen,  and  severity  of  sjTnptoms,  they  may  be 
divided  into  three  groups. 

Group  1. — Eleven  of  the  nineteen  patients  fall  quite  sharply  into 
one  group.  This  group  has  the  following  characteristics:  (1)  Severe 
serum  disease.  If  the  onset  of  the  serum  reaction  is  considered  to  be 
marked  by  the  appearance  of  an  eruption,  edema,  or  arthralgia,  and 
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the  termination  of  the  serum  reaction  to  be  marked  by  the  disap- 
pearance of  these  symptoms,  ten  of  the  eleven  patients  in  this  group 
had  serum  disease  lasting  7  days  or  longer.  The  other  patient  had 
an  urticarial  eruption  lasting  6  days.  (2)  A  relatively  high  titer  of 
precipitin  appearing  first  or  rising  to  the  crest  of  the  curve  near  the 
time  that  symptoms  are  subsiding.  In  only  one  of  the  patients  in 
this  group  was  the  precipitin  titer  at  the  height  of  the  curve  less  than 
1:2,000.  (3)  Disappearance  of  precipitinogen  from  the  circulation 
near  the  termination  of  the  S3Tnptoms  of  serum  disease.  The  usual 
form  of  curve  for  precipitinogen  was  a  steady  persistence  at  a  high 
level  until  the  precipitin  curve  rose  sharply  to  its  high  point;  a 
steep  decline  in  the  precipitinogen  curve  then  occurred.  Efforts  were 
repeatedly  made  to  demonstrate  the  presence  of  the  foreign  serum 
in  the  urine,  but  these  tests  were,  without  exception,  negative.  It 
seems  probable,  therefore,  that  the  circulating  precipitinogen  is  not 
eliminated  by  the  kidneys,  at  least  not  in  a  form  demonstrable  by 
specific  precipitation. 

The  characteristic  interrelations  of  the  three  factors  under  con- 
sideration— precipitin,  precipitinogen,  and  symptoms — are  shown  in 
Text-figs.  1  to  4.  In  Text-fig.  1,  it  is  seen  that  the  serum  reaction 
began  on  the  5th  day  and  persisted  until  the  34th  day,  that  precipi- 
tin first  appeared  in  the  circulation  on  the  12th  day,  and  rose  to  the 
crest  of  the  curve  synchronous  with  the  disappearance  of  horse  serum 
from  the  circulation  and  near  the  time  that  the  symptoms  subsided. 
Text-figs.  2  and  3  show  very  similar  relations  between  precipitin, 
precipitinogen,  and  symptoms.  Text-fig.  4  also  conforms  to  this 
type  but  is  of  special  interest  because  this  patient  had  twice  pre- 
viously been  treated  with  horse  serum;  7  years  before,  he  had  been 
given  diphtheria  antitoxin  without  any  reaction,  and  2  years  pre- 
viously, he  had  meningococcus  meningitis  and  was  given  antimenin- 
gococcus  serum  intraspinally.  About  2  weeks  later,  he  developed  a 
severe  attack  of  urticaria  and  his  eyes  were  swoUen.  When  we  first 
saw  him,  he  gave  a  positive  intracutaneous  reaction  to  horse  serum 
and  an  attempt  to  desensitize  him  by  the  Besredka  method  of  frac- 
tional doses  was  attempted.  After  a  total  of  34  cc.  had  been  given, 
he  developed  an  immediate  reaction  consisting  of  erythema  and 
urticaria.    This  persisted  for  24  hours,  then  2  days  later,  that  is  on 
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Text-Fig.  1.  Patient  17  (Table  I).    Lobar  pneumonia,  T%'pe  I.     Serum  injec- 
tions were  made  on  the  first  4  davs. 


In  all  the  text-figures  the  abscissa;  represent  the  time  in  days  following  the 
first  administration  of  serum.  The  ordinates  represent  the  dilutions  of  antigen 
used  in  the  tests  for  precipitin  and  precipitinogen.  At  the  top  of  the  figure 
the  s\'mptoms  of  the  serum  reaction  are  shown  in  black.  The  results  of  the 
precipitin  reactions  in  the  various  dilutions  employed  are  shown  by  -t-  and  0 
signs.  In  the  text-figures  in  which  the  amounts  of  serum  for  the  different  injec- 
tions are  shown  it  has  sometimes  been  necessar>',  in  order  to  make  the  lettering 
large  enough  to  be  legible,  to  include  a  larger  number  of  days  for  serum  injec- 
tions than  was  actuaUy  involved.  When  this  has  been  done  the  actual  number 
of  days  on  which  serum  was  given,  is  indicated  in  the  legend  of  the  figure. 
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the  3rd  day  following  the  serum  injections,  an  accelerated  reaction 
developed,  characterized  by  a  morbilliform,  urticarial,  and  purpuric 
eruption,  edema,  and  enlargement  of  the  lymph  nodes  and  spleen. 
The  particularly  interesting  feature  was  the  accelerated  appearance 
of  precipitin,  parallel  with  the  accelerated  symptomatic  reaction.  It 
is  readily  seen  in  Text-fig.  4  that  the  interrelations  between  pre- 
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Text-Fig.  3.    Patient  14  (Table  I).    Lobar  pneumonia  Tvpe  I. 

cipitin,  precipitinogen,  and  symptoms  were  essentially  the  same  in 
this  reinjected  patient,  who  showed  immediate  and  accelerated  reac- 
tions, as  in  patients  receiving  senun  for  the  first  time.  The  chief 
difference  appears  to  be  a  shortening  of  the  incubation  period  both 
for  symptoms  and  for  antibody  formation.  This  is  comparable  to 
the  early  appearance  of  antibodies  upon  reinjection  of  rabbits  pre- 
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viously  sensitized,  but  without  antibody  free  in  the  circulation  at  the 
time  of  reinjection.  The  other  seven  patients  in  this  group  show 
similar  relations  between  precipitin,  precipitinogen,  and  symptoms. 
No  two  are  exactly  alike,  nor  would  one,  from  analogy  with  antibody 
formation  in  animals,  expect  them  to  be  so.  The  duration  of  the 
symptoms,  the  rapidity  with  which  the  precipitinogen  disappears. 
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Text-Fig.  4.    Patient  12  (Table  I).     Lobar  pneumonia. 

and  the  height  of  the  precipitin  curve  show  considerable  variations, 
but  in  an  unmistakable  way,  the  characteristics  of  this  group  are 
manifest  in  all  of  the  eleven  patients.  However,  there  are  two 
patients  in  this  group  presenting  a  phenomenon  demanding  further 
comment.  In  Text-fig.  5,  it  is  seen  that  following  the  rise  of  precip- 
itin on  the  11th  day,  the  precipitinogen  completely  disappears  from 
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.  the  circulation,  but  appears  again  later,  and  after  9  days  gives  a 
positive  reaction  in  dilutions  up  to  1 :  200.  In  following  precipitin 
and  precipitinogen  in  the  circulation  of  rabbits,  we  have  several 
times  encountered  a  similar  phenomenon.  It  seems  as  if  under  cer- 
tain  conditions    the    union   of   precipitin    and   precipitinogen   were 
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Text-Fig.  5.     Patient  11  (Table  I).    Lobar  pneumonia  Tj-pe  I.     Serum  injec- 
tions were  made  on  the  first  2  days. 

unstable  and  after  being  bound  for  a  time  by  precipitin,  the  precip- 
itinogen is  subsequently  released  and  circulates  freely  in  the  blood 
stream.  We  have  no  adequate  explanation  to  offer  for  this  reap- 
pearance of  precipitinogen. 

Group  2. — The  patients  in  this  group,  four  in  number,  form  an 
interesting  contrast  with  those  just  described.    Instead  of  a  severe 
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serum  reaction,  there  is  none  at  all  or  only  very  mild  symptoms; 
instead  of  a  high  titer  of  precipitin,  none  is  demonstrable  in  the 
circulation,  or  perhaps  traces  are  present  for  a  short  period;  instead 
of  an  early  disappearance  of  precipitinogen,  in  each  of  the  four  patients 
of  this  type,  there  was  a  positive  reaction  for  precipitinogen  as  long 
as  the  patient  could  be  kept  under  observation — from  52  to  67  days. 
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Text-Fig.  6.  Patient  13  (Table  I).  Lobar  pneumonia  Tv^De  I.  Senim  injec- 
tions were  made  on  the  1st,  2nd,  and  4th  days. 

Text-figs.  6  to  8  illustrate  the  relations  between  precipitin,  precip- 
itinogen, and  symptoms  which  characterize  this  group.  In  Text-fig. 
6,  it  is  seen  that  this  patient,  although  given  500  cc.  of  serum  intra- 
venously, had  no  symptoms  of  serum  disease,  that  precipitin  did  not 
appear  in  the  circulation,  and  that  horse  serum  was  still  present  in 
the  circulation  63  days  after  the  first  administration  of  serum.     Text- 
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figs.  7  and  8  show  relations  of  the  same  type  between  the  three  fac- 
tors under  consideration,  although  in  each  of  these  patients,  there 
was  a  mild  serum  reaction  and  a  transient  appearance  of  precipitin 
in  the  lowest  dilution. 
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Text-Fig.  7.    Patient  16  (Table  I).    Lobar  pneumonia  Tjtdc  I. 

Group  3. — The  four  patients  remaining  do  not  faU  definitely  into 
either  of  the  two  groups,  the  characteristics  of  which  have  been 
described.  Three  of  these  four  patients,  however,  had  mild  serimi 
disease  and  transient  or  scanty  precipitin  in  the  circulation.  One  of 
these  three  is  quite  clearly  a  type  intermediate  between  the  two 
groups  already  described.  Text-fig.  9  shows  that  this  patient  had  a 
mild  serum  reaction,  a  very  low  titer  of  precipitin  in  the  circulation, 
and  a  curve  for  precipitinogen  which  fell  slowly,  being  intermediate 
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Text-Fig.  8.     Patient  15  (Table  I).    Lobar  pneumonia  Tvpe  I.     Serum  injec- 
tions were  made  on  the  first  2  days. 

between  the  steep  decline  characteristic  of  the  severe  serum  disease 
group  and  the  steady  persistence  of  the  precipitinogen  characteristic 
of  the  group  which  had  no  serum  disease,  or  only  very  slight  s>Tnp- 
toms.  One  other  patient  was  perhaps  of  this  same  type,  but  he  was 
lost  to  observ'ation  before  the  curves  could  be  completed.  He  had 
mild  serum  disease,  transient  appearance  of  precipitin,  and  a  precip- 
itinogen curv'e  which  showed  a  decline  after  the  temporary  appearance 
of  precipitin,  but  did  not  reach  the  base-line.  Owing  to  the  fact 
that  observation  of  this  patient  could  not  be  continued,  it  was  not 
possible  to  demonstrate  that  precipitin  reappeared  in  the  circulation 
or  to  determine  when  precipitinogen  disappeared. 
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The  third  patient  in  this  group  of  four  which  showed  atypical 
curves  was  a  patient  with  meningococcus  meningitis  who  was  given 
95  cc.  of  antimeningococcus  serum  intraspinally.  She  had  a  very 
mild  serum  disease,  a  low  titer  of  precipitin,  and  a  curve  for  pre- 
cipitinogen resembling  that  found  in  the  patients  with  severe  serum 
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Text-Fig.  9.     Patient  5  (Table  I).    Lobar  pneumonia  Type  I;  pregnancy. 
Serum  injections  were  made  on  the  first  3  days. 


disease.  It  is  possible  that  when  serum  is  administered  intraspinally, 
some  additional  mechanism  comes  into  play  for  the  disposal  of  the 
foreign  serum  and,  therefore,  that  the  interrelations  of  symptoms, 
precipitin,  and  precipitinogen  differ  somewhat  from  those  found  in 
patients  to  whom  the  serum  is  administered  intravenously.     Recent 


G.   M.   MACKENZIE   AND   W.   H.    LEAKE  615 

observations  by  Alexander^  show  that  subdural  and  intravenous 
injections  of  the  same  quantities  of  foreign  serum  produce  in  rabbits 
distinctly  different  precipitin  curves. 

There  remains  one  patient  to  be  considered.  This  individual  was 
given  630  cc.  of  antipneumococcus  serum  intravenously.  He  had  a 
severe  serum  reaction;  a  high  titer  of  precipitin  appeared  in  the  cir- 
culation synchronous  with  the  cessation  of  the  serum  disease,  but  the 
precipitinogen,  although  falling  somewhat  at  the  time  that  precip- 
itin rose  to  a  high  concentration,  never  disappeared  entirely  from 
the  circulation  during  the  74  days  that  he  was  under  observation. 
This  is  at  variance  with  the  relations  which  we  have  found  to  hold 
true  in  the  other  eighteen  patients.  There  is,  however,  one  con- 
sideration which  might  explain  the  discrepancy.  This  patient  was 
one  of  the  first  studied,  and  at  this  time  we  had  not  realized  the 
importance  in  precipitinogen  determination  of  testing  the  anti-horse 
rabbit  serum  for  traces  of  antigen  used  in  immunizing  the  rabbit. 
It  is  possible,  therefore,  to  explain  the  discrepancy  on  the  assumption 
that  the  precipitating  serum  used  contained  traces  of  antigen  and  that 
the  precipitin  in  the  patient's  serum  gave  a  precipitate  with  the 
antigen  still  present  in  the  anti-horse  rabbit  serum.  This,  of  course, 
would  make  it  appear  that  there  was  precipitinogen  in  the  circulation 
of  the  patient,  when  it  had,  perhaps,  entirely  disappeared.  It  can- 
not be  proved  that  this  explanation  is  correct,  but  it  seems  plausible. 

Summarizing  then  the  results  on  nineteen  patients,  we  find  that 
eleven  of  them  are  distinctly  of  one  type.  These  are  the  good  pre- 
cipitin formers  who  have  severe  senmi  disease  and  get  rid  of  pre- 
cipitinogen soon  after  the  symptoms  have  subsided.  The  second 
group,  contrasting  sharply  with  these,  consists  of  four  patients. 
They  are  poor  precipitin  formers,  have  little  or  no  serum  disease, 
and  retain  the  precipitinogen  in  the  circulation  for  many  weeks  and 
perhaps  months.  Three  of  the  remaining  four  patients  are  more  or 
less  distinctly  intermediate  forms,  and  the  single  patient  in  whom  the 
results  appear  completely  at  variance  with  the  observations  on  the 
other  eighteen  may  perhaps  be  explained  by  a  technical  error. 

*  Alexander,  H.  L.,  /.  Exp.  Med.,  1921,  xxxiii,  471. 
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DISCUSSION. 


It  has  long  been  known  that  individuals  show  wide  variations  in 
their  reaction  to  the  administration  of  foreign  serum.  At  one  end 
of  the  scale  is  the  individual  who  is  naturally  hypersensitive  to  horse 
serum.  He  is  often  a  horse  asthmatic  with  an  inherited  tendency  to 
hypersensitiveness.  He  is  exquisitely  hypersensitive,  reacting  imme- 
diately with  violent  symptoms  to  even  minute  quantities  of  horse 
serum.  Reactions  of  this  tj^se  are  sometimes  fatal.  At  the  other 
end  of  the  scale  is  the  individual  who  does  not  show  a  serum  reaction 
after  the  intravenous  administration  of  even  several  hundred  cubic 
centimeters  of  serum.  There  is  clearly  wide  variation  in  the  response 
to  foreign  serum  among  individuals  who  at  the  time  that  serum  is 
first  administered  are  not  demonstrably  hypersensitive.  Some  have 
severe  serum  disease,  some  have  only  mild  symptoms  of  short  dura- 
tion, and  some  have  no  symptoms  whatever.  That  such  variations, 
when  large  amounts  of  serum  are  given,  are  not  dependent  upon  the 
amount  of  serum  administered  is  evident  from  the  results  in  the 
present  series  of  patients.  The  average  amount  of  serum  given  to 
the  four  patients  in  the  group  showing  no  serum  disease,  or  only  very- 
mild  s>Tnptoms  was  460  cc;  the  average  amount  given  to  the  patients 
who  had  severe  serum  reactions  was  270  cc.  When  smaller  amounts 
of  serum  are  used,  as  in  diphtheria  immunization,  and  the  injections 
are  made  subcutaneously  or  intramuscularly,  there  appears  to  be  a 
relation  between  the  incidence  of  serum  reactions  and  the  amoimt 
used.'  With  the  larger  doses,  the  incidence  of  reactions  is  higher, 
but  when  amounts  over  100  cc.  are  given,  the  variations  in  the  inten- 
sity and  duration  of  the  reaction  lead  to  the  conclusion  that  there  is 
an  intrinsic  difference  between  the  susceptible  and  the  insusceptible 
individuals. 

WTiat  we  have  found  to  be  characteristic  of  the  susceptible  group 
of  patients  as  far  as  precipitin,  precipitinogen,  and  symptoms  are 
concerned  corroborates  the  observations  of  Longcope  and  Racke- 
mann'  on  the  relation  of  circulating  precipitin  to  the  cessation  of 
s>Tnptoms,  and  lends  further  support  to  the  conception  of  serum  dis- 

'  Daut,  M.,  Jahrb.  Kinderheilk.,  1897,  xliv,  289.  Sturtevant,  M.,  Arch.  Int. 
Med.,  1916,  xvii,  176.    Weaver,  G.  H.,  Arch.  Int.  Med.,  1909,  iii,  485. 
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ease  as  an  antigen-antibody  reaction.  Efforts  to  discover  the  mechan- 
ism of  antigen-antibody  reactions  have  resulted  in  the  development 
of  two  hypotheses  which  differ  as  to  the  site  in  which  the  reaction 
occurs.  One  school  localizes  the  reaction  within  the  circulation  and 
holds  to  the  view  that  the  reaction  is  dependent  upon  an  intra- 
vascular union  of  antigen  and  antibody.  The  other  school  believes 
that  this  union  takes  place  chiefly  within  the  tissue  cells.  No  attempt 
will  be  made  to  discuss  the  voluminous  and  controversial  literature 
on  this  question,  but  it  suffices  to  say  that,  at  present,  a  prepon- 
derance of  competent  opinion  supports  the  cellular  hypothesis.  With 
the  facts  at  present  available,  the  most  plausible  explanation  of  the 
mechanism  of  these  reactions^  is,  therefore,  that  the  foreign  serum 
unites  with  the  tissue  cells;  that  as  a  result  of  such  union,  antibodies 
are  produced;  that  the  intracellular  union  of  antigen  and  antibody 
causes  the  symptoms;  and  that  after  a  time,  the  antibody  is  pro- 
duced in  excess  and  ceases  then  to  be  exclusively  intracellular.  At 
this  time  it  becomes  demonstrable  in  the  circulation.  For  a  time 
thereafter,  there  are  both  antigen  and  antibody  free  in  the  circula- 
tion. If  large  amounts  of  antibody  reach  the  circulation,  the  antigen 
soon  disappears.  This  disappearance  of  antigen  does  not  necessarily 
imply  an  intravascular  union  of  antigen  with  antibody,  although  such 
a  mechanism  might  account  for  it.  It  is  also  possible  that  at  this 
time,  with  greater  amounts  of  intracellular  antibody  available,  the 
tissue  cells  appropriate  the  antigen  with  greater  avidity.  All  that 
can  be  stated  at  present  is  that  during  this  period  when  precipitin  is 
abundant,  the  foreign  serum  disappears. 

The  varying  degrees  of  intensity  of  reaction  by  susceptible  indi- 
viduals should  therefore  be  thought  of  either  as  varying  degrees  of 
susceptibility  to  a  toxic  product  of  intracellular  antigen-antibody 
reaction,  or  as  varying  degrees  of  ability  to  fonn  antibodies.  The 
latter  hj^pothesis  seems  to  accord  better  with  the  facts,  because,  in 
general,  it  is  the  good  precipitin  formers  who  have  severe  serum 
reactions.  The  parallelism  is  not  exact,  nor  would  one  expect  it  to 
be  so,  unless  there  were  proof  that  the  precipitin  in  the  circulation  is 
exactly  proportional  to  the  intracellular  precipitin.     And  there  is  no 

«  Weil,  R.,  /.  Immunol.,  1916-17,  ii,  399. 


618  SERUM  DISEASE  SUSCEPTIBILITY 

proof  of  this.  A  possible  explanation  of  such  varying  degrees  of 
efficiency  with  which  different  indi\'iduals  form  antibodies  is  dis- 
cussed below. 

In  the  group  of  patients  found  to  be  insusceptible  to  serum  reac- 
tions, in  whom  little  or  no  precipitin  is  found,  and  in  whose  circula- 
tion the  foreign  serum  is  present  for  a  long  period,  there  clearly  is 
something  which  acts  as  a  protective  mechanism.  Three  possibili- 
ties perhaps  offer  plausible  explanations  for  the  basis  of  this  failure  to 
produce  precipitins  and  the  persistence  of  the  precipitinogen  in  the 
circulation.  (1)  In  these  individuals  there  may  be  something  in  the 
circulation  which  stands  as  a  barrier  between  the  foreign  protein  in 
the  blood  stream  and  the  interior  of  the  cells,  preventing  the  union 
of  foreign  protein  and  tissue  cell,  and  thus  interfering  with  an  essen- 
tial phase  of  antibody  production.  (2)  The  tissue  cells  of  these 
individuals  may  be  impermeable  to  the  foreign  serum.  If  either  one 
of  these  conditions  existed,  little  or  none  of  the  foreign  serum  would 
penetrate  the  cells,  and  hence  little  or  no  antibody  would  be  formed 
and  serum  disease  would  be  mild  or  absent.  (3)  In  terms  of  Ehrlich's 
side-chain  theory,  the  difference  between  the  susceptible  and  the 
insusceptible  individuals  might  consist  in  a  deficiency  or  absence  of 
haptophore  groups  in  the  tissue  cells  of  the  latter.  Under  any  cir- 
cumstances, with  failure  of  the  cells  to  take  up  the  foreign  protein,  it 
might  persist  in  the  circulation  until  slowly  disposed  of  by  some  other 
mechanism. 

It  is  interesting  in  this  connection  to  recall  some  observations  made  years  ago 
by  JMetchnikoff.'  In  studying  the  mechanism  of  natural  immunity,  he  found 
that  a  number  of  species  were  insusceptible  to  certain  bacterial  toxins  which  were 
extremely  poisonous  for  other  species.  Spiders  and  scorpions  were  found  to  be 
unaffected  by  tetanus  to.xin.  Nor  could  antito.xin  be  demonstrated  in  the  blood 
of  these  animals,  so  the  natural  immunity  could  not  be  ascribed  to  antitoxic 
properties  of  the  body  fluids.  In  these  animals,  however,  the  injected  toxin  soon 
disappeared  from  the  circulation.  The  immunity  of  fowls  to  tetanus  toxin  was 
known  even  before  Metchnikoff's  studies.  The  fowl  also  tolerates  large  doses  of 
tetanus  to.xin  but  can  nevertheless  be  tetanized  if  it  is  previously  weakened  by 
exposure  to  cold  or  if  sufficiently  large  doses  are  used.  That  this  immunity  is  not 
due   to  the  presence  or  production  of  antitoxin   was  shown  by  VaiUard*  who 


'  Metchnikoff.  E.,  Immunity  in  infective  diseases,  translated  by  Binnie,  F.  G., 
Cambridge,  1905. 

8  VaiUard,  Compl.  rend.  Soc.  bioL,  1891,  xhii,  462. 
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demonstrated  that  the  serum  contains  no  antibody.  Moreover,  von  Behring' 
showed  that  fowls  are  highly  susceptible  if  the  toxin  is  injected  directly  into  the 
brain.  MetchnikoflF  also  studied  green  lizards,  marsh  turtles,  and  the  larvae  of 
the  rhinoceros  beetle  {Oryctes  nasicornis).  These  animals  tolerate,  without  symp- 
toms, enormous  doses  of  tetanus  toxin  and  not  only  do  not  form  any  antitoxin,  but 
retain  the  toxin  in  the  circulation  for  a  long  period  of  time,  even  months. 

Phenomena  of  this  type  in  lower  animals  suggested  to  both  Metch- 
nikoff'  and  von  Behring"  the  possible  relation  of  cell  permeability 
to  natural  immunity.  Our  observations  on  serum  disease  in  man  are 
strikingly  analogous  to  those  of  Metchnikoff  on  turtles,  lizards,  and 
beetles  and  suggest  anew  a  factor  which  may  be  important  in  natural 
immunity. 

Investigators  in  the  field  of  natural  immunity  have  been  occupied 
chief!}'  in  studying  different  degrees  of  susceptibility  characterizing 
races  or  species.  On  epidemiological  grounds  alone,  it  is  clear,  how- 
ever, that  within  any  given  species  or  race,  there  are  individual 
variations  in  susceptibility  to  infection  for  which  no  adequate  expla- 
nation exists.  From  this  standpoint,  therefore,  the  demonstration  of 
the  differences  which  we  have  found  to  exist  between  susceptible  and 
insusceptible  individuals  of  the  same  race  may  prove  to  be  significant. 

SXIUMARY. 

1.  Studies  on  nineteen  patients  to  whom  foreign  serum  had  been 
administered  for  therapeutic  purposes  are  reported.  Analysis  of  the 
results  obtained  by  following  the  precipitin  and  precipitinogen  in  the 
circulation  and  comparing  these  factors  with  the  time  of  appearance, 
intensity,  and  duration  of  the  sjonptoms  shows  that  the  nineteen 
patients  fall  into  three  groups. 

2.  The  first  group  includes  eleven  patients.  These  were  good 
precipitin  formers,  they  had  severe  serum  disease,  and  the  precipi- 
tinogen disappeared  from  the  circulation  near  the  time  that  the 
symptoms  subsided. 

'  von  Behring,  E.,  in  Eulenberg,  A.,  and  Samuel,  Lehrbuch  der  allgemeinen 
Therapie,  Berlin  and  Vienna,  1899,  iii,  992. 

'"  von  Behring,  E.,  in    Eulenberg,   A.,  Encyclopiidische  Jahrbiicher  der  ge- 
sammten  Heilkunde,  Vienna  and  Berlin,  1900,  ix,  203. 
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3.  The  second  group  includes  four  patients  who  had  little  or  no 
serum  disease,  in  whose  circulation  little  or  no  precipitin  was  demon- 
strable, and  in  whom  the  precipitinogen  persisted  in  the  circulation 
as  long  as  the  patients  could  be  kept  under  observation — from  52  to 
67  days. 

4.  The  remaining  four  patients  form  a  more  or  less  distinctly  inter- 
mediate group. 

5.  The  results  lend  further  support  to  the  conception  of  serum 
disease  as  an  antigen-antibody  reaction. 

6.  The  possibility  that  our  results  indicate  a  factor  which  may  be 
important  in  the  mechanism  of  natural  immunity  is  discussed. 

We  wish  to  thank  Miss  Emily  Friihbauer  for  technical  assistance. 
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(Received  for  publication,  February  17,  1921.) 

It  has  been  shown  in  a  preceding  paper^  that  monkeys  {Macacus 
rhesus)  inoculated  intratracheally  with  unfiltered  or  filtered  naso- 
pharyngeal washings  from  patients  in  the  prodromal  or  early  erup- 
tive stage  of  measles  exhibit  an  illness  which  closely  resembles  measles 
in  man  in  its  course  and  symptomatology.  It  has  furthermore  been 
shown-  that  the  lesions  which  develop  in  the  skin  and  buccal  mucous 
membrane  during  the  course  of  the  infection  in  monkeys  present 
essentially  the  same  histologic  picture  that  is  found  in  the  corre- 
sponding lesions  of  human  measles.  The  experimental  infection  has 
been  successfully  transmitted'  from  monkey  to  monkey  with  the 
development  of  the  same  group  of  s^-mptoms  and  pathologic  lesions 
in  the  passage  animals.  These  fundamental  points  of  similarity 
between  measles  in  man  and  the  experimental  disease  in  monkeys 
would  appear  sufficient  to  warrant  the  application  of  the  term  "experi- 
mental measles"  to  the  latter  condition.  It  has,  nevertheless,  seemed 
desirable  to  determine  whether  further  points  of  resemblance  between 
the  two  might  not  be  shown. 

Since  an  apparently  permanent  immunity  against  reinfection  char- 
acteristically follows  one  attack  of  measles,  the  same  phenomenon 
should  hold  true  with  respect  to  the  experimental  disease  if  the  two 
conditions  are  to  be  regarded  as  similar.  Furthemiore,  an  acquired 
immunity,  if  present,  should  theoretically  be  efficient  against  a  virus 
of  heterologous  source  as  well  as  against  that  of  homologous  origin, 
since  there  is  little  clinical  evidence  to  show  that  one  attack  of  measles 
fails  to  confer  an  immunity  that  is  effective  against  all  subsequent 

'  Blake,  F.  G.,  and  Trask,  J.  D.,  Jr.,  /.  Exp.  Med.,  1921,  x.x.-dii,  38.S. 
-  Blake,  F.  G.,  and  Trask,  J.  D.,  Jr.,  /.  E.-cp.  Med.,  1921,  xxxiii,  413. 
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exposures.  Authentic  reports  of  repeated  attacks  of  measles  in  the 
same  individual  are  so  few  as  to  be  negligible  in  this  connection.  In 
order  to  test  the  validity  of  the  foregoing  assumptions  a  series  of 
reinoculation  experiments  in  monkeys  which  had  recovered  from  a 
previous  attack  of  experimental  measles  has  been  carried  out  as 
described  below. 

EXPERIMENTAL. 

Six  monkeys  which  had  previously  been  inoculated  with  naso- 
pharyngeal washings  from  cases  of  measles  and  had  recovered  from 
the  ensuing  attack  of  the  experimental  disease'  have  been  subjected 
to  reinoculation  with  material  containing  the  virus  of  measles  (Table 
I).  In  five  instances  virus  of  heterologous  source  was  used,  in  one 
the  homologous  virus.  In  two  monkeys  the  material,  consisting  of 
the  supernatant  fluid  from  an  0.85  per  cent  salt  solution  emulsion  of 
the  skin  and  buccal  mucosa  of  a  monkey  killed  on  the  4th  day  of 
experimental  measles,  was  injected  intratracheally.  In  four  monkeys 
whole  blood  withdrawn  from  a  monkey  on  the  3rd  day  of  experi- 
mental measles  was  injected  intravenously.  The  intervals  elapsing 
between  recovery  from  the  preceding  experimental  measles  and  the 
time  of  reinoculation  varied  from  12  to  254  days.  None  of  the  six 
monkeys  following  reinoculation  showed  any  evidence  of  infection 
with  the  virus  of  measles,  while  the  control  normal  moiJceys,  inocu- 
lated at  the  same  time  with  equivalent  amounts  of  the  same  material, 
developed  the  characteristic  symptoms  and  pathologic  lesions  of  the 
experimental  disease.     The  protocols  follow. 

Experiment  1. — June  8,  1920.  Monkeys  6,  9,  and  19  were  injected  intratra- 
cheally at  12.15  p.m.,  12.30  p.m.,  and  12.45  p.m.,  respectively,  each  with  10  cc. 
of  the  un&ltered  supernatant  fluid  of  an  0.85  per  cent  salt  solution  tissue  emulsion 
(Virus  MC.  3).  The  emulsion  had  been  prepared  from  the  minced  and  ground 
skin  and  buccal  mucosa  of  Monkey  16,  which  was  killed  on  the  4th  day  of  experi- 
mental measles,  about  24  hours  after  the  first  appearance  of  the  exanthem.  Mon- 
Vey  6  had  been  inoculated  Apr.  9,  1920,  with  pooled,  filtered  nasopharyngeal 
washings  (\"irus  AM)  from  two  sisters  with  measles  and  had  recovered  from  the 
ensuing  e.xperimental  measles  on  Apr.  23,  46  days  before  remoculation.  Monkey 
9  had  been  inoculated  May  12, 1920,  with  filtered  nasopharyngeal  washings  (Virus 


'  For  a  detailed  description  of  the  first  attack  of  experimental  measles  in  these 
animals  see  Blake  and  Trask.' 
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MC)  from  a  patient  with  measles  and  had  recovered  from  the  ensuing  attack  of 
experimental  measles  on  May  27,  1920,  12  days  before  reinoculation.  Monkey 
19  was  a  normal  monkey  and  served  as  a  control. 


TABLE   I. 

Immunity  Following  Experimental  Measles. 


First  inoculation. 

Second  inoculation. 

Monkey 

No. 

Interval 
after 

Date. 

Virus. 

Result. 

Date. 

recovery 

Virus. 

Result. 

first 

' 

attack. 

lfl20 

1920 

days 

6 

Apr.     9 

AM  - 

Experimental 
measles    Apr. 
16-22. 

June    8 

46 

MC.3* 

Remained  well. 

9 

May  12 

MC 

E.icperimental 
measles  May 
20-26. 

"      8 

12 

"    3 

It          (t 

19 

"       8 

"    3 

Experimental 

(con- 

measles,   June 

trol). 

14-17.    Killed. 

2 

Mar.  24 

RG 

E.xperimental 
measles  Mar. 
29-Apr.  4. 

Dec.  15 

254 

JJ.5 

Remained  well. 

.3 

"     24 

RK 

Experimental 
measles   Apr. 
3-10. 

"     15 

248 

"  5 

ti            tt 

.S 

Apr.     9 

AM 

Experimental 
measles   Apr. 
16-22. 

"     15 

236 

"  5 

t(                     u 

8 

May  12 

MC 

Experimental 
measles   May 
19-27. 

"     15 

201 

"  5 

11            It 

46 

"     IS 

"  5 

Experimental 

(con- 

measles    Dec. 

trol). 

18-27. 

*  The  figure  indicates  the  number  of  monkeys  through  which  the  virus  had 
been  passed. 

Monkeys  6  and  9  showed  no  evidence  of  measles  during  21  days  observation. 
There  were  no  conjunctivitis,  no  enanthem,  and  no  exanthem,  the  eyes,  buccal 
mucosa,  and  skin  remaining  normal  in  appearance  throughout  this  period.  Mon- 
key 19  after  an  incubation  period  of  6  days  developed  the  characteristic  symptoms 
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of  the  experimental  disease.  On  the  7th  day  a  few  discrete  hyperemic  spots 
appeared  on  the  labial  mucous  membranes.  On  the  8th  day  the  animal  was 
listless;  the  conjunctiva;  were  injected;  fresh  Koplik  spots  had  appeared  on  the 
mucous  membrane  of  the  cheeks.  On  the  9th  day  there  was  a  well  developed, 
confluent  enanthem  on  the  mucous  membrane  of  the  lips,  gums,  and  cheeks. 
On  the  10th  day  a  few  discrete,  red  maculopapules  appeared  about  the  lips,  on  the 
chin,  and  behind  the  ears.  The  animal  was  killed  and  the  infection  was  success- 
fully transmitted  to  two  other  monkeys.  Histologic  sections  of  the  labial  mucosa 
and  tongue  show  the  typical  lesions  of  measles.  The  endothelial  cells  of  the 
capiUary  walls  are  greatly  swollen.  There  are  a  marked  accumulation  of  endo- 
thelial leucocytes  and  some  serous  exudate  about  the  capillaries,  especially  in  the 
papillas.  In  the  stratified  epithelium  of  the  labial  mucosa  are  many  small  foci 
(Koplik  spots)  showing  endothelial  leucocytes,  serous  exudate,  and  beginning 
necrosis  of  the  epithelial  cells.  In  some  of  these  the  process  is  more  advanced 
and  there  is  maceration  of  the  epithelium,  with  shallow  ulceration  and  secondary 
invasion  by  polymorphonuclear  leucocytes.  A  few  similar  foci  are  seen  in  the 
epithelium  of  the  tongue.  There  is  also  a  more  difTuse  infiltration  of  the  epithelium 
by  endothehal  leucocytes. 

Experiment  2. — Dec.  15,  1920.  Monkeys  2,  3,  5,  8,  and  46  were  injected  intra- 
venously in  turn,  each  with  5  cc.  of  citrated  whole  blood  (Virus  JJ.  5)  withdrawn 
from  Monkey  36  on  the  3rd  day  of  experimental  measles  about  6  hours  after  the 
first  appearance  of  the  exanthem. 

Monkey  2  had  been  inoculated  Mar.  24,  1920,  with  nasopharyngeal  washings 
(Virus  RG)  from  a  patient  with  measles  and  had  recovered  from  the  ensuing 
attack  of  experimental  measles  on  .\pr.  5,  254  days  before  reinoculation. 

Monkey  3  had  been  inoculated  Mar.  24,  1920,  with  nasopharyngeal  washings 
(Virus  RK)  from  a  patient  with  measles  and  had  recovered  from  the  ensuing  attack 
of  experimental  measles  on  .'^pr.  11,  248  days  before  reinoculation. 

Monkey  5  had  been  inoculated  .\pr.  9,  1920,  with  pooled  nasopharyngeal  wash- 
ings (Virus  AM)  from  two  cases  of  measles  and  had  recovered  from  the  ensuing 
attack  of  experimental  measles  on  .-Xpr.  23,  236  days  before  reinoculation. 

Monkey  8  had  been  inoculated  May  12,  1920,  with  nasopharyngeal  washings 
(Virus  MC)  from  a  case  of  measles  and  had  recovered  from  the  ensuing  attack  of 
e.xperimental  measles  on  May  28,  201  days  before  reinoculation. 

Monkey  46,  normal,  served  as  a  control. 

Monkeys  2,  3,  5,  and  8  showed  no  evidence  of  infection  during  21  days  observa- 
tion. They  were  well  and  active  throughout  this  period.  There  were  no  con- 
junctivitis, no  enanthem,  and  no  e-xanthem.  Monkey  46,  after  an  incubation 
period  of  3  days,  developed  the  characteristic  symptoms  of  measles.  On  the 
4th  day  three  KopHk  spots  appeared  on  the  mucous  membrane  of  the  upper  lip. 
On  the  Sth  day  the  conjunctiva;  were  injected.  On  the  6th  day  a  cluster  of  fresh 
Koplik  spots  was  present  on  the  mucous  membrane  of  the  lower  lip.  The  animal 
was  drowsy  and  listless.  On  the  7th  day  there  were  confluent  patches  of  hyper- 
emic enanthem  studded  with  minute  white  specks  on  the  labial  mucosa.     A  few 
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red  maculopapules  appeared  on  the  lower  abdomen  and  inner  surfaces  of  the 
thighs.  By  the  10th  day  there  was  a  thick,  red,  maculopapular  exanthem  on 
the  face,  neck,  chest,  abdomen,  and  legs.  By  the  12th  day  the  enanthem  had 
faded;  the  exanthem  was  fading  and  showed  fine  branny  desquamation.  By 
the  14th  day  the  animal  had  recovered  except  for  slight  remaining  desquamation. 
Blood  cultures  on  the  5th,  6th,  and  7th  days  showed  no  growth.  The  infection 
was  successful^  transmitted  from  this  animal  to  another  monkey  by  means  of 
blood  withdrawn  on  the  5th,  6th,  and  7th  days.  A  section  of  skin  excised''  from 
the  thigh  on  the  10th  day  shows  the  characteristic  histologic  picture  of  measles. 
About  the  capillaries  and  small  veins  in  the  upper  layers  of  the  cerium  there  is  a 
marked  accumulation  of  endothelial  leucocytes.  Occasionally  one  is  seen  in 
mitosis.  A  few  polymorphonuclear  leucocytes  are  also  present.  Focal  accumu- 
lations of  endothelial  leucocytes  with  vacuolation  and  necrosis  of  epithelial  cells 
are  seen  in  the  epithelium  of  many  of  the  hair  sheaths  and  sebaceous  glands.  The 
epidermis  shows  vacuolation  and  necrosis  of  the  cells  of  the  Malpighian  layer  in 
minute  foci.  These  areas  are  invaded  by  endothelial  leucocytes.  In  the  cornified 
layer  are  occasional,  small,  deeply  staining  plaques  with  the  remains  of  minute 
vesicles  beneath  them. 

DISCUSSION. 

The  result  of  the  foregoing  experiments  shows  that  one  attack  of 
experimental  measles  confers  an  apparently  complete  immunity 
against  reinfection  with  measles  for  at  least  a  considerable  period. 
In  all  probability  this  immunity  is  permanent.  In  Experiment  1  it 
should  be  noted  that  Monkeys  6  and  9  were  originally  inoculated  with 
filtered  (Berkfeld  N)  nasopharyngeal  washings.  Their  subsequent 
immunity,  therefore,  not  only  provides  additional  evidence  of  the 
similarity  between  human  measles  and  the  experimental  disease  but 
also  tends  to  confirm  the  filterable  nature  of  the  virus.  The  strain  of 
virus  used  in  the  reinoculation  of  Monkey  6  was  of  different  origin 
from  the  strain  with  which  this  animal  was  originally  inoculated, 
while  with  Monkey  9  the  same  strain  of  virus  was  employed  in  both 
the  first  and  second  inoculations.  Since  there  was  no  apparent  dif- 
ference in  the  immunity  of  the  two  animals  it  would  seem  probable 
that  the  immunity  provided  by  one  attack  of  experimental  measles 
is  as  efficient  against  a  heterologous  virus  as  against  the  homologous 
one.  This  is  further  supported  by  the  result  of  the  second  experi- 
ment, in  which  four  monkeys  originally  inoculated  with  strains  of 
virus  from  four  different  sources  exhibited  a  complete  immunity 
against  reinfection  with  a  virus  obtained  from  a  still  different  source. 

*  This  was  done  under  ether  anesthesia. 
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This  result,  as  has  been  pointed  out,  was  to  be  expected.  Further- 
more, it  would  suggest  the  probability  that  all  strains  of  measles 
virus  are  of  homologous  nature  in  as  far  as  their  property  of  stimulat- 
ing immunity  is  concerned,  a  fact  which,  of  course,  might  readily 
be  predicated  from  clinical  observation. 

The  results  of  the  two  experiments,  although  they  do  not  provide 
an  explanation  of  the  mechanism  of  acquired  immunity  against 
measles,  nevertheless  suggest  certain  possibiUties.  The  course  of 
measles,  itself,  in  conjunction  with  evidence  already  presented'  con- 
cerning the  infectivity  of  the  blood  in  the  experimental  disease,  leaves 
little  reason  to  doubt  that  the  \-irus  gains  access  to  the  blood  by  way 
of  the  respiratory  mucous  membrane  and  is  subsequently  distributed 
by  the  blood  stream  to  the  skin  and  buccal  mucosa  where  it  sets  up 
the  characteristic  lesions  of  the  disease.  It  is  conceivable  that  the 
process  of  immunity  against  reinfection  might  reside  in  the  respira- 
tory mucous  membrane  which,  in  the  immune  animal,  would  present 
a  barrier  to  invasion  of  the  body  by  measles  virus.  While  this  sup- 
position might  serve  as  a  possible  explanation  of  the  immunity 
exliibited  by  Monkeys  6  and  9  which  were  reinoculated  by  the  intra- 
tracheal route,  it  is  obviously  inadequate  in  the  case  of  the  second 
experiment  in  which  all  the  monkeys  were  inoculated  intravenously. 
Since  these  animals  showed  an  apparently  complete  immunity,  it  is 
clear  that  the  immunity  is  not  solely,  if  at  all,  dependent  upon  a 
possible  barrier  offered  by  the  respirator)'  mucous  membrane  of  the 
immune  animal.  That  it  is  a  function  of  the  body  tissues  or  fluids 
would  seem  more  probable.  Whether  the  immunity  is  hximoral  or 
cellular  or  both,  however,  only  further  experiment  can  determine. 

SUMMARY. 

It  is  shown  that  monkeys  which  have  recovered  from  e.xperimental 
measles  are  immune  to  reinfection  with  the  virus  of  measles  irrespec- 
tive of  whether  the  virus  is  of  homologous  or  heterologous  origin. 
In  this  respect  experimental  measles  in  the  monkey  corresponds  with 
measles  as  observed  in  human  beings,  and  the  result  is  the  same 
whether  the  virus  is  inoculated  on  the  respiratory  mucous  membrane 
or  is  injected  intravenously. 

CONCLUSION. 

Experimental  measles  in  the  monkey,  like  measles  in  man,  is  fol- 
lowed by  an  acquired  immunity  against  the  disease. 


STUDIES  ON  BLOOD  CHANGES  IN  PNEUMOCOCCUS 
INFECTIONS. 

An  Experimental  Study  of  the  Formation  and  Fate  of  Methe- 

MOGLOBIN  IN  THE   BlOOD. 

By  WILLIAM  C.  STADIE,  M.D. 
{From  the  Hospital  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  January  27,  1921.) 
INTRODUCTION. 

Methemoglohin  Formation  in  Pnetimonia. 

The  pneumococcus,  both  in  vitro  (Gilbert  and  Fournier,  1896;  Griiter,  1909; 
and  Peabody,  1913)  and  in  vivo  (Butterfield  and  Peabody,  1913),  has  been  shown 
to  transform  hemoglobin  into  methemoglohin.  In  consequence  it  seemed  that 
methemoglohin  formation  might  be  the  chief  cause  of  the  cyanosis  sometimes 
observed  in  pneumonia.  A  study  of  the  oxygen  content  and  capacity  of  venous 
and  arterial  blood,  however  (Stadie,  1919),  showed  that  the  great  and  constant 
abnormaUty  accompanjdng  cyanosis  was  an  increased  proportion  of  reduced  hemo- 
globin to  oxyhemoglobin  in  the  arterial  blood.  Therefore  the  essential  cause  of 
the  cyanosis  of  pneumonia  is  incomplete  oxygenation  of  the  arterial  blood,  rather 
than  the  presence  of  methemoglohin  in  the  blood.  In  only  one  of  the  thirty-two 
cases  studied  by  the  author  was  the  oxygen  capacity  significantly  reduced,  as  it 
would  be  if  any  considerable  portion  of  the  hemoglobin  were  changed  to  methemo- 
glohin. On  the  contrary,  in  many  cases  the  oxygen  capacity  of  the  blood  was 
above  the  normal  average. 

Although  we  had  but  one  case  in  which  the  oxygen  capacity  fell  significantly, 
Peabody  (1913)  and  Harrop  (1919)  have  observed  several  cases  in  which  such  a 
fall  occurred.  Of  eleven  cases  Peabody  observed  a  marked  fall  of  oxygen  capac- 
ity in  three,  and  Harrop  in  nine  cases  found  a  decrease  of  one-half  in  the  total 
oxygen  capacity  in  two.  All  these  cases  had  positive  blood  cultures.  In  two 
other  cases  of  Harrop's  with  negative  blood  cultures  there  was  a  decrease  in  oxy- 
gen capacity,  but  of  less  degree  and  over  a  greater  period  of  time.  It  is  possible 
that  in  these  cases  a  considerable  proportion  of  the  hemoglobin  may  be  altered 
into  methemoglohin,  and  even  in  patients  that  do  not  show  definitely  lowered 
oxygen  capacity  small  amounts  of  methemoglohin  may  be  formed,  and  either  be 
eliminated  from  the  blood,  or  remain  in  it.    In  order  to  obtain  more  complete 
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evidence  on  these  points  a  quantitative  method  for  determination  of  methemo- 
globin  was  devised  (Stadie,  1920),  and  in  the  present  study  it  has  been  utilized 
in  experimental  work  aimed  to  obtain  evidence  on  the  points  in  question. 

General  Conditions  for  Melhemoglohin  Formation. 

The  agents  which  change  hemoglobin  to  methemoglobin  are  of 
varied  nature.  They  include  the  following  groups  of  known  chemical 
substances:  oxidizing  substances,  ozone,  iodine,  chlorates,  ferricya- 
nides,  nitrites,  nitrates,  and  azo  compounds;  reducing  substances, 
pyrogallol,  hydroquinone,  hydroxylamine,  etc.;  organic  bases,  aniline, 
phenacetin,  acetanilide,  and  toluidine;  salts,  sodium  chloride  in 
concentration  above  1.5  per  cent  and  ammonium  sulfate  in  saturated 
solution.  They  also  include  several  races  of  bacteria:  Streptococcus 
viridans,  cholera,  pneumococcus,  Gaertner  bacillus,  and  certain 
nitrosobacilli  (Wallis,  1913-14). 

In  vitro  all  these  agencies  produce  methemoglobin  with  greater  or 
less  facility.  Potassiiun  ferricyanide  rapidly  forms  methemoglobin 
from  oxyhemoglobin.  An  amount  of  oxA^gen  is  liberated  which  is 
equivalent  to  the  dissociable  ox>'gen  originally  combined  as  oxyhemo- 
globin. Sodiimi  nitrite  converts  hemoglobin  to  methemoglobin  in 
vitro,  but  more  slowly  than  potassium  ferricyanide.  The  nitrite 
liberates  an  amount  of  oxygen  equivalent  to  the  amount  necessary  to 
change  the  nitrite  to  nitrate  (Barcroft  and  Miiller,  1911-12).  In 
other  words,  two  molecules  of  nitrite  transform  one  molecule  of 
hemoglobin,  producing  one  molecule  of  ox^'gen  and  one  molecule  of 
methemoglobin.  Hydroxylamine  transforms  hemoglobin  quantita- 
tively, molecule  for  molecule  (Letsche,  1912). 

Of  the  above  agents,  we  have  used  in  our  experiments  potassium 
ferricyanide  and  sodium  nitrite. 

Characteristics  of  Clinical  and  Experimental  Methemoglobinemia. 

Agents. — Himaan  cases  of  methemoglobinemia  are  the  result  of 
poisoning  with  various  agents,  of  which  aniline  is  perhaps  the  most 
familiar.  In  laboratory  animals  methemoglobin  is  produced  easily 
by  nitrites,  potassium  ferricyanide,  acetanilide,  and  the  pnemnococcus. 

Symptoms. — In  the  overwhelming  methemoglobinemia  produced 
experimentally  it  is  difficidt  to  dissociate  the  symptoms  produced  by 
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the  drug  from  those  produced  by  the  methemoglobin.  Rapid  breathing 
and  air-hunger  are  constant  symptoms  in  severe  grades  of  methemo- 
globinemia, and  when  70  to  80  per  cent  of  the  hemoglobin  is  changed 
the  animal  exhibits  all  the  signs  of  acute  suffocation  and  dies  in  a 
short  time.  In  milder  instances  with  a  destruction  of  25  to  50  per 
cent  of  the  hemoglobin,  usually  there  are  no  symptoms  in  rabbits. 
It  is  doubtful  whether  the  mere  presence  of  large  amounts  of  methe- 
moglobin in  the  body  is  harmful. 

Cyanosis  is  a  regular  accompaniment  of  methemoglobinemia.  This, 
of  course,  is  due  to  the  fact  that  the  presence  of  methemoglobin  in 
blood  gives  it  a  dark  color  closely  resembling  that  of  venous  blood. 
Transformation  of  as  httle  as  5  per  cent  of  the  hemoglobin  to  methe- 
moglobin in  blood  gives  it  a  dark,  color.  The  blood  does  not  become 
bright  red  on  exposure  to  the  air  and  is  easily  distinguishable  from 
normal  oxygenated  blood.  The  cyanosis  itself  is  indistinguishable 
from  the  cyanosis  due  to  oxygen  unsaturation  of  the  arterial  blood. 
Two  important  differences,  however,  may  be  noted:  (1)  the  cyanosis 
of  oxygen  unsaturation  usually  accompanies  pulmonary  or  heart 
disease  and  varies  in  intensity  with  change  of  position,  coughing, 
and  exertion;  (2)  the  administration  of  oxygen  may  diminish  this 
cyanosis.  The  final  differentiation  is  made  by  the  spectroscope  or 
by  methemoglobin  determination,  for  which  a  method  has  been 
recently  published  (Stadie,  1920). 

Pathology. — No  characteristic  changes  of  the  organs  have  been 
described  in  animals  in  which  a  severe  methemoglobinemia  has  been 
induced.  Certain  hemorrhagic  changes  and  areas  of  necrosis  in  the 
liver  and  spleen  have  been  described,  but  these  have  been  inconstant 
and  have  followed  large  doses  of  potassium  chlorate,  and  consequently 
might  easily  have  been  due  to  this  substance  rather  than  to  the 
methemoglobin . 

The  proportion  of  hemoglobin  changed  may  be  as  great  as  100  per 
cent,  as  after  the  intravenous  injection  of  sodium  nitrite  in  rabbits. 
With  acetanilide  or  sodium  nitrite  in  proper  doses  a  reduction  in  the 
amount  of  hemoglobin  of  60  to  70  per  cent  may  be  brought  about 
easily.  The  animals  often  recover;  the  sudden  flooding  of  the  body 
by  so  large  an  amount  of  methemoglobin  is  without  apparent  perma- 
nent effect. 
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Methemoglobin  may  exist  in  the  blood  in  two  distinct  conditions. 
First,  it  may  be  present  in  the  plasma  alone,  a  true  methemoglo- 
binemia. This  is,  however,  rare,  but  is  illustrated  by  Brandenburg's 
case  of  potassium  chlorate  poisoning  which  showed  a  rapid  decrease 
of  red  blood  cells  from  4,300,000  to  1,600,000  in  6  days.  The  serum 
showed  methemoglobin  spectroscopically.  Second,  the  methemo- 
globin is  present  within  the  red  blood  cells — a  condition  of  methemo- 
globincythemia.  This  is  the  usual  occurrence.  Cases  of  nitrite, 
acetanilide,  and  nitrobenzene  poisoning  and  bacterial  infections  with 
methemoglobin  formers  fall  into  this  class. 


EXPERIMENTAL. 

Fale  of  Melhemoglobin. — Methemoglobin  solutions  injected  intra- 
venously  are   rapidly  eliminated   from   the   blood.    Table  I  shows 

TABLE  I. 
Elimination  of  Melhemoglobin  Following  Intravenous  Injection  in  Rabbits. 


Rabbit 

Time. 

Injection. 

Hemo- 
globin per 
100  cc.  of 
blood. 

Methemoglobin  spectrum. 

No. 

Serum. 

CeUs. 

Urine. 

p.m. 

gm. 

1 

12.10 

13.87 

12.20 

12.45 
4.00 

2  gm.  of  methemoglobin 
intravenously. 

(Killed.)* 

12.04 
11.87 

Negative. 

it 

Negative. 

+  +  +  + 

2 

9.05 

10.03 

11.00 
11.15 

1 . 7  gm.  of  methemoglobin 
intravenously. 

10.03 

Negative. 

Negative. 

+  -f  +  + 

*  Extracts  of  lungs,  liver,  spleen,  heart,  feces,  and  intestines  showed  no  met- 
hemoglobin spectroscopically. 

the  extreme  rapidity  with  which  methemoglobin  dissolved  in  the 
plasma  disappears.  The  hemoglobin  was  determined  gasometrically 
by  Van  Slyke's  method  (1918),  the  methemoglobin  by  the  author's 
method  (1920). 

Within  15  to  25  minutes  an  amount  of  methemoglobin  equal  to  20 
to  22  per  cent  of  the  total  hemoglobin  was  completely  removed  from 
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the  blood  so  that  none  could  be  found  in  it  spectroscopically.  At 
least  part  of  the  methemoglobin  was  excreted  in  the  urine. 

Storage  of  Methemoglobin. — Extracts  of  the  various  organs  made 
immediately  post  mortem  revealed  no  e\idence  that  methemoglobin 
is  accumulated  in  any  one  place.  When  the  methemoglobin  is  present 
in  the  red  blood  cells  only,  even  when  all  the  hemoglobin  is  changed 
to  methemoglobin,  with  death  by  virtual  suffocation  due  to  lack  of 
labile  oxygen,  the  plasma  is  always  free  from  methemoglobin  bands. 

The  methemoglobin  produced  in  the  red  blood  cells  is  rapidly 
destroyed.  In  the  milder  cases  of  experimental  methemoglobin- 
cythemia  this  destruction  was  found  to  be  so  rapid  that  repeated  and 
careful  examinations  of  blood  cells,  plasma,  urine,  and  tissues  failed 
to  reveal  its  presence. 

Table  II  gives  the  results  from  rabbits  injected  with  solutions  of 
potassium  ferricyanide.  The  action  of  this  substance  in  vivo  is 
relatively  slow,  but  by  repeated  injections  over  a  period  of  several 
hours  almost  50  per  cent  of  the  hemoglobin  may  be  changed.  In  the 
three  rabbits  the  potassium  ferricyanide  changed  43,  30,  and  19  per 
cent  respectively  of  the  hemoglobin,  doubtless  into  methemoglobin, 
and  yet  the  latter  was  so  rapidly  destroyed  that  practically  none  of 
it  could  be  found  in  the  blood. 

In  another  rabbit  (Table  III)  within  5  days  the  hemoglobin  dimin- 
ished 39  per  cent,  yet  no  methemoglobin  was  found  spectroscopically 
in  either  plasma  or  cells.  Moreover,  the  urine  and  the  aqueous 
extracts  of  liver,  lungs,  spleen,  kidney,  heart,  skeletal  muscle,  intes- 
tines, and  feces  showed  no  methemoglobin  by  spectroscope. 

The  rapid  production  of  methemoglobin,  as  by  the  injection  of 
sodium  nitrite,  by  which  an  easily  controllable  degree  of  methemo- 
globin formation  may  be  brought  about,  gives  the  same  results. 

In  Rabbit  7  (Table  IV)  practically  all  the  hemoglobin  was  changed 
to  methemoglobin,  the  animal  dying  immediately  of  suffocation. 
The  pigment  is  wholly  in  the  cells.  Rabbit  8  lived  for  26  minutes 
with  hemoglobin  of  only  2.9  gm.  per  100  cc.  of  blood,  or  23  per  cent 
of  the  initial  value.  Yet  within  this  short  time  the  methemoglobin 
had  decreased  to  6.7  gm.  per  100  cc.  of  blood.  A  rabbit  of  2.85  kilos 
has  142  cc.  of  blood  (5  per  cent  by  weight  (Van  Slyke  and  Salvesen, 
1919)  ),  or  in  this  case  18.1  gm.  of  hemoglobin,  of  which  at  death  4.1 
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TABLE   II. 
Production  of  Melhemoglohin  in  Rabbits  by  Potassium  Ferricyanide. 


Rabbit 

No. 

Date. 

Time. 

Injection. 

Hemo- 
globin 
per  100 
cc.  of 
blood. 

Methe- 

moglobin 

per  100 

cc.  of 

blood. 

1919 

a.m. 

gm. 

im. 

3 

Apr.  25 

9.30 
10.15 

10.30 
11.50 

p.m. 

12.15 

10   CC.    of    0.02    M 
intravenously. 

10  cc.  of  0.02   M 
intravenously. 

potassium  ferricyanide 
potassium  ferricyanide 

15.2 
13.2 

11.0 

Apr.  29 
May    6 

2.45 
3.15 

5   cc.   of  0.02   M 
intravenously. 

potassium  ferricyanide 

8.8 
8.9 

8.7 

0.0 

4 

May    7 

a.m. 

11.35 
11.45 

p.m. 

12.45 

5   cc.   of  0.02   M 
intravenously. 

potassium   ferricyanide 

11.1 
10.5 

0.0 

1.02 
2.15 

5   cc.   of  0.02   M 
intravenously. 

potassium   ferricyanide 

10.0 

0.3 

2.30 
2.31 

5   cc.   of  0.02   M 

intravenously. 
(Animal  died.) 

potassium  ferricyanide 

7.8 

0.2 

5 

May  9 

a.m. 

9.20 
9.40 

9.45 
10.30 
11.45 

p.m. 

20  cc.    of  0.02  M 
intravenously. 

potassium  ferricyanide 

• 

13.3 

14.1 
13.0 
12.5 

0.0 
0.4 
0.0 

2.07 
2.30 

10  cc.  of  0.02   M 

intravenously. 

potassium  ferricyanide 

10.8 

0.0 
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gm.  were  left.  Of  the  14  gm.  of  methemoglobin  formed,  only  9.5 
gm.  remained  at  death.  In  other  words,  4.4  gm.  of  methemoglobin 
were  destroyed  in  26  minutes.  In  Rabbit  9,  1 .8  gm.  of  methemoglobin 
were  destroyed  in  30  minutes.  In  all  these  rabbits  no  methemoglobin 
was  found  in  the  plasma,  although  the  blood  was  dark  chocolate  in 
color;  it  was  present  in  the  cells  only. 

Therefore  even  in  extreme  cases  of  methemoglobin  production  in 
which  death  results  quickly  from  an  insufScient  oxygen  supply,  there 
is  a  rapid  destruction  of  methemoglobin.  WTien  the  methemoglobin 
is  produced  more  slowly  this  destruction  is  fast  enough  to  prevent  its 
accumulating  in  the  blood  in  sufiicient  quantity  to  be  detected  by 
the  spectroscope.  Not  only  is  this  true  when  chemicals  are  the 
causative  agent,  but  also  when  methemoglobin-producing  bacteria 
act  in  vivo. 

However,  when  the  production  of  methemoglobin  is  very  extensive, 
e.  g.  30  to  50  per  cent  of  total  pigment,  and  sudden,  as  following  intra- 
venous injections  of  sodium  nitrite,  methemoglobin  may  be  found  in 
the  blood,  but  always  in  the  red  blood  cells.  Even  in  these  instances, 
if  the  animal  survives  for  a  comparatively  brief  time,  the  methemo- 
globin disappears  from  the  blood. 

The  mechanism  of  this  disappearance  has  not  been  determined. 
Pearce,  Austin,  and  Eisenbrey  (1912)  studied  the  fate  of  hemoglobin 
injected  intravenously  and  found  that  no  hemoglobin  was  eliminated 
through  the  kidney  unless  the  rate  of  injection  was  above  a  minimum 
which  was  high,  but  that  nevertheless  the  injected  hemoglobin  rapidly 
disappeared  from  the  blood  stream.  Furthermore,  Whipple  and 
Hooper  (1913)  showed  that  injected  hemoglobin  is  changed  rapidly 
to  bile  pigments  in  normal  dogs  and  in  dogs  with  Eck  fistula  or  hepatic 
ligation.  Since  methemoglobin  is  closely  related  chemically  to 
hemoglobin  it  is  possible  that  it  is  similarly  disposed  of. 

Action  of  Pnenmococci  on  Hemoglobin  in  Vivo. — Griiter  (1909) 
inoculated  a  cat  intraperitoneally  with  a  large  amount  of  pneumo- 
coccus  culture  but  was  unable  to  demonstrate  methemoglobin  in  the 
blood.  Peabody  (1913)  developed  the  subject  further  by  inoculating 
rabbits  intravenously  with  the  organisms  from  300  to  600  cc.  of  24 
hour  broth  cultures  of  pneumococci.  Death  resulted  within  a  few 
hours  and  the  blood  always  showed  on  direct  film  enormous  num- 
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bers  of  pneximococci.  With  these  overwhehning  pneumococcemias 
Peabody  showed  that  there  was  a  rapid  fall  in  total  hemoglobin  as 
measured  by  oxygen  capacity,  but  he  was  rarely  able  to  demonstrate 
the  presence  of  methemoglobin  in  the  blood.  He  nevertheless  con- 
cluded that  this  fall  in  total  oxygen  capacity  (hemoglobin)  was  due 
to  a  methemoglobin  production.  However,  when  these  experiments 
are  repeated  with  quantitative  determination  of  methemoglobin,  it  is 
clear  that  bacterial  methemoglobinemia  is  similar  to  that  produced 
chemically  in  that  the  methemoglobin  formed  rapidly  disappears. 

Rabbits  were  inoculated  by  ear  vein  with  the  centrifuged  pneumo- 
cocci  from  24  hour  cultures  resuspended  in  a  small  amount  of  saline 
solution.  Death  occurred  in  all  cases  and  all  showed  by  direct  film 
of  the  blood  enormous  numbers  of  organisms.  The  results  are  shown 
in  Table  V. 

In  Rabbit  10,  after  5  hours,  despite  a  fall  in  hemoglobin  of  3.94  gm. 
per  100  cc.  of  blood  (30  per  cent  of  the  total),  there  was  no  methemo- 
globin in  the  blood.  In  No.  12,  3.82  gm.  of  hemoglobin  per  100  cc. 
of  blood  (30  per  cent  of  the  total)  were  changed,  but  only  0.83  gm.  of 
methemoglobin  per  100  cc.  was  found.  In  Nos.  10  and  11  at  death 
considerable  amounts  of  methemoglobin  were  found  in  the  blood,  but 
amounts  representing  only  30  to  32  per  cent  of  the  total  change.  It 
is  clear  then  that  the  mechanism  here  is  the  same  that  is  described 
in  the  production  of  methemoglobin  by  chemicals.  In  the  gradual 
change  of  hemoglobin  to  methemoglobin  the  latter  pigment  disappears 
as  fast  as  it  is  formed,  so  that  it  is  never  present  in  the  blood  in  suffi- 
cient concentration  to  be  detected  spectroscopically.  Only  near 
death  does  the  rapid  production  of  methemoglobin  by  the  huge 
numbers  of  pneumococci  lead  to  its  accumulation  in  the  blood  in 
quantities  greater  than  the  now  disordered  metabolism  can  handle. 
In  other  words,  it  is  rarely  possible  to  find  methemoglobin  in  the 
blood,  imless  just  before  death,  even  after  considerable  changes  of 
hemoglobin  to  methemoglobin. 

It  is  to  be  further  noted  that  the  methemoglobin  present  in  these 
instances  is  entirely  intracellular.  Examination  of  the  plasma 
spectroscopically  gives  negative  results,  but  the  centrifuged  cells  in 
the  last  samples  of  Nos.  11  and  12  contain  abundant  methemoglobin. 
The  urine  also  is  always  negative.  The  condition  is  a  methemo- 
globincythemia. 
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TABLE   V. 
Production  of  Methemoglohin  by  Pneumococci  in  Rabbits. 


Rabbit 
No. 

Date. 

Time. 

Conditions. 

Hemo- 
globin per 
100  cc.  of 

blood. 

Hemo- 
globin 
decrease 
per  100  cc. 
of  blood. 

Methemo- 

globin  per 

100  cc.  of 

blood. 

Remarks. 

1919 

a.m. 

gm. 

sm. 

gm. 

10 

June  15 

11.45 
p.m. 

1.00 

Inoculated. 

12.98 

0.0 

0.0 

3.30 

10.82 

2.16 

0.30 

Blood  bright  red. 

5.00 

9.04 

3.94 

0.00 

1(                    «                IC 

S.45 

Very  sick. 

6.02 

6.96 

2.09 

"     chocolate- 
colored. 

9.00 

Died. 

U 

June  25 

a.m. 

9.00 
10.25 

Inoculated. 

12.78 

0.0 

June  26 

10.25 

p.m. 

11.60 

1.18 

0.18 

Blood  bright  red. 

4.19 

Died. 

5.75 

7.03 

2.27 

"      chocolate- 
colored. 

a.m. 

12 

June  30 

9.00 
10.50 

p.m. 

Inoculated. 

12.  S7 

0.0 

3.30 

Died. 

9.05 

3.82 

0.83 

Blood  bright  red. 

Rabbit  10  received  Pneumococci  Type  I  from  250  cc.  of  broth  cultures.  Rab- 
bit 11  received  Pneumococci  Type  I  from  100  cc.  of  broth  cultures.  Rabbit  12 
received  Pneumococci  Type  II  from  150  cc.  of  broth  cultures.  Postmortem 
films  of  blood  from  all  the  rabbits  showed  enormous  numbers  of  pneumococci. 


Non-Produclion  of  Methemoglohin  by  Pneumococcus  Autolysates. 

Griiter  (1909)  observed  methemoglobin  formation  in  the  presence  of  dead  cul- 
tures, filtrates,  and  centrifugates.  Butterfield  and  Peabody  (1913)  also  have 
produced  methemoglobin  by  the  autolysates  of  pneumococcus  cultures.  Rieke 
(1904),  however,  attributed  methemoglobin  formation  to  the  living  pneumo- 
coccus and  streptococcus  only.  Cole  (1914)  likewise  reached  the  same  conclu- 
sion, since  he  was  unable  to  demonstrate  the  production  of  methemoglobin  by 
filtrates  and  extracts  of  pneumococcus  cultures. 


638 


BLOOD   CHANGES  IN  PNEUMOCOCCUS  INFECTIONS 


We  have  also  been  unable  to  show  a  transformation  of  hemoglobin 
to  methemoglobin  without  the  living  organism.  A  broth  culture  of 
pneumococcus  was  used  in  which,  after  5  days  incubation,  all  organ- 
isms were  autolyzed  as  shown  by  sterile  subcultures.  Prepared  in 
this  way  the  pneumococcus  autolysate  failed  to  produce  methemo- 
globin when  mixed  with  hemoglobin  solutions,  as  shown  in  Table  VI. 

It  is  quite  possible,  however,  that  if,  as  has  been  suggested  by 
Avery  and  Cullen,'  the  proper  conditions  are  found  for  the  reaction 
or  if  concentrated  solutions  of  intracellular  products  obtained  by 
the  disintegration  of  the  pneumococcus  are  used,  methemoglobin 
formation  without  the  living  organism  may  be  demonstrated. 

TABLE   VI. 
Action  of  Autolysate  of  Pneumococci  on  Hemoglobin. 


Tube 
No. 

Conditions. 

Broth. 

Autoly- 
sate. 

Hemo- 
globin 
solution. 

Initial 
hemo- 
globin. 

Hemo- 
globin 
after  20 

hrs. 

Methemo- 
globin 
after  20 
hrs. 

1 
2 

Room  temperature 

Ice  box 

cc. 

0 
0 

10 

cc. 
10 
10 

cc. 

10 
10 
10 

per  cent 

7.14 
7.14 
7.30 

per  cent 
6.45 
7.14 
6.67 

per  cent 

0.69 
0.00 

3 

Room  temperature 

0.63 

DISCUSSION. 

Melhemoglohin  Formation  in  Pneumonia. — Peabody  (1913)  was  the 
first  to  explain  fall  of  blood  oxygen  capacity  observed  in  some  (usually 
fatal)  pneumonia  cases  as  due  to  a  change  of  hemoglobin  to  methe- 
moglobin. He  suggested  that  this  alteration  could  take  place  through 
the  action  of  a  soluble  product  of  bacterial  metabohsm.  If  the 
production  of  methemoglobin  by  soluble  bacterial  products,  as  sug- 
gested by  Peabody,  is  substantiated  by  further  experiments,  then  it 
is  possible  that  the  decrease  in  hemoglobin  may  be  brought  about  by 
the  escape  of  these  products  into  the  blood  stream  from  a  focus  of 
pneumococcic  infection  in  the  lungs.  However,  all  the  cases  studied 
by  Peabody  (1913)  and  Harrop  (1919)  with  a  sudden  and  well  defined 
decrease  of  hemoglobin  had  a  pneumococcemia  of  profoimd  degree 
(from  2,500  to  16,000  colonies  per  cc.  of  blood).     It  is,  therefore, 
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probable  that  a  great  production  of  methemoglobin  occurs  only  when 
the  opportunity  for  the  direct  action  of  the  pneumococci  on  the  blood 
is  greatest;  i.  e.,  in  cases  with  a  bacteremia. 

Methemoglobin  and  Cyanosis  in  Pneumonia. — Although  there  has 
been  a  prevalent  belief  that  methemoglobinemia  is  a  factor  in  the 
cyanosis  of  pneumonia,  many  observers  (Abrahams,  Hallows,  and 
French,  1919;  Synnott  and  Clark,  1918;  and  Peabody,  1913)  have 
looked  for  it  spectroscopically  in  cases  of  pneumonia  deeply  cyanotic, 
but  have  failed  to  find  it. 

The  absence  of  methemoglobinemia  in  pneiunonia,  even  when 
there  is  a  marked  fall  in  oxj'gen  capacity,  is,  we  beheve,  explainable 
by  the  results  reported  in  this  paper.  Methemoglobin  disappears 
from  the  circulation  with  great  rapidity,  whether  it  is  introduced  by 
injection  of  methemoglobin  or  formed  within  the  circulation  by  the 
action  of  chemicals  or  of  pneumococci.  If  we  take  into  consideration 
this  fact,  the  abihty  of  the  pneumococcus  to  form  methemoglobin, 
and  the  consistent  failure  to  find  it  in  the  blood  in  the  cyanosis  of 
pneumonia,  it  appears  that  the  following  conclusions  represent  the 
most  probable  explanation  of  what  occurs. 

CONCLUSIONS. 

In  the  occasional  cases  of  pneumonia  which  show  a  decrease  in  the 
oxygen  capacity  of  the  blood,  the  decrease  is  probably  due  to  a  forma- 
tion of  methemoglobin.  The  latter  is  removed  from  the  circulation, 
however,  as  rapidly  as  it  is  formed,  so  that  it  can  seldom  be  detected 
even  qualitatively,  and  is  probably  never  a  cause  of  cyanosis. 
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FIBRIN  AND  SERUM  AS  A  CULTURE  MEDIUM. 
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{From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  February  17,  1921.) 
INTRODUCTION. 

Various  artificial  media  have  been  used  so  far  in  the  cultivation  of 
tissues.  Lewis  and  Lewis  used  bouillon  and  agar,'  salt  solutions,- 
and  other  media  of  known  chemical  constitution,^  but  the  growth  was 
by  no  means  equal  to  that  in  plasma  or  lymph,  either  in  extent  or 
duration.  Swezy*  obtained  cell  proliferation  of  chick  embryo  heart 
tissue  in  a  medium  composed  of  egg  albumin  and  muscle  extract. 
Carrel  and  Burrows*  found  homogenic  as  well  as  heterogenic  serum  a 
useful  culture  medium  for  embryonic  chick  tissue.  Ingebrigtsen" 
studied  the  growth  of  tissue  outside  the  organism  in  a  medium 
composed  of  agar  and  serum.  Smyth'  devised  a  so  called  simplified 
medium  composed  of  agar  and  trypsinized  peptone  solution  for 
embryonic  tissue  culture.  No  attempt  was  made  to  undertake  a 
comparative  quantitative  study  of  the  amount  of  tissue  produced  in 
these  different  media.  Burrows*  pointed  out  that  embryonic  tissues 
grew  as  well  in  saline  solution  as  in  plasma.  He  thought  that  growth 
consisted  in  a  spreading  of  the  cells  and  not  in  any  increase  in  the 
mass  of  tissue,  and  that  it  appeared  to  take  place  at  the  expense  of 
the  original  fragment.     It  is  certain  that  the  tissues  did  not  increase 

'  Lewis,  M.  R.,  and  Lewis,  W.  H.,  Bull.  Johns  Hopkins  Hasp.,  1911,  xxii,  126. 
'  Lewis,  M.  R.,  Anat.  Rec,  1915-16,  .\,  287.    Lewis,  M.  R.,  and  Lewis,  W.  H., 
J.  Am.  Med.  Assn.,  1911,  Ivi,  1795. 

» Lewis,  W.  H.,  and  Lewis,  M.  R.,  Anat.  Rec,  1912,  vi,  207. 
*Swezy,  O.,  Biol.  Bull.,  1915,  x.wiii,  47. 

'  Carrel,  A.,  and  Burrows,  M.  T.,  /.  Exp.  Med.,  1911,  xiv,  244. 
« Ingebrigtsen,  R.,  J.  Exp.  Med.,  1912,  xv,  397-398. 
'  Smyth,  H.  F.,  /.  Med.  Research,  1914-15,  xxxi,  255. 
'  Burrows,  M.  T.,  Tr.  Cong.  Am.  Phys.  and  Surg.,  1913,  ix,  77. 
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in  mass  in  any  of  the  artificial  media,  nor  could  they  be  kept  alive 
after  a  certain  time.  Therefore,  these  media  could  not  be  used  for 
a  quantitative  study  of  the  problem  of  growth. 

It  is  known  that  the  presence  of  embryo  juice  in  adult  plasma 
allows  an  indefinite  growth  of  the  fibroblasts  and  an  increase  in  the 
mass  of  tissue.  But  the  composition  of  this  medium  is  complex  and 
cannot  be  modified  easily.  It  would  be  useful  to  find  a  medium 
endowed  with  the  same  properties  as  plasma  and  embryo  juice,  and 
more  adaptable  to  the  nature  of  the  experiment. 

The  purpose  of  this  article  is  to  describe  a  technique  for  preparing 
a  medium  composed  of  fibrinogen,  serum,  and  tissue  juice,  and  to 
compare  the  growth  of  fibroblasts  in  this  medium  with  that  obtained 
in  a  medium  composed  of  plasma  and  embryo  juice. 

EXPERIMENTAL. 

The  technique  of  Mellanby*  was  used  in  the  preparation  of  fibrin- 
ogen. 10  cc.  of  normal  adult  chicken  plasma  were  diluted  with  90 
cc.  of  sterile  distilled  water,  and  thoroughly  shaken  in  an  Erlenmeyer 
flask;  1  cc.  of  a  1  per  cent  acetic  acid  solution  was  added,  drop  by 
drop,  and  at  the  same  time  the  mixture  was  agitated.  The  precip- 
itate was  allowed  to  settle  partially  in  the  cold  for  about  1  hour.  The 
contents  of  the  flask  were  then  shaken  and  poured  into  centrifuge 
tubes,  25  cc.  in  each  tube.  After  10  minutes  centrifugation,  the 
supernatant  fluid  was  decanted.  The  tubes  were  inverted  over  a 
sterile  piece  of  filter  paper  for  complete  drainage.  The  precipitate 
contained  in  each  centrifuge  tube  was  combined  and  made  up  to  2.5 
cc.  with  sterile,  distilled  water.  WTien  thoroughly  mixed,  it  had  the 
appearance  of  rich  milk;  on  standing,  a  hea\y  sediment  settled, 
superimposed  by  a  layer  of  turbid  fluid.  Equal  volumes  of  this 
suspension  and  Ringer's  solution  formed  a  slightly  hazy,  firm  homo- 
geneous clot  after  about  4  minutes.  With  an  equal  volume  of  serum, 
the  mixture  formed  a  clear  fluid  which  did  not  coagulate  after  10 
minutes,  but  on  the  addition  of  a  trace  of  embryonic  tissue  juice, 
coagulation  occurred  rapidly.  The  hydrogen  ion  concentration  of 
such  a  preparation  of  fibrinogen  was  between  6  and  6.3.     A  mixture 

»  Mellanby,  J.,  J.  Physiol,  1917,  li,  390. 
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of  12.5  per  cent  fibrinogen  suspension,  37.5  per  cent  cliicken  serum, 
and  50  per  cent  embryonic  tissue  juice,  had  a  pH  of  between  7  and 
7.3.    Such  a  preparation  coagulated  in  about  1  minute. 

The  experiments  were  begun  with  48  hour  cultures,  derived  from  a 
strain  of  connective  tissue  in  its  9th  year  in  vitro}°  Each  fragment 
of  tissue  was  divided  in  two  parts  and  washed  in  Ringer's  solution 
for  about  40  seconds.  One  fragment  was  then  cultivated  in  equal 
volumes  of  normal  chicken  plasma  and  embryonic  tissue  juice.  The 
other  fragment  was  cultivated  in  the  experimental  medium  composed 
of  one- fourth  volume  of  fibrinogen  suspension,  three-fourths  volume 
of  chicken  serum,  and  one  volume  of  embryonic  tissue  juice.  The 
constituents  of  this  medium  were  first  mixed  by  drawing  them  up 
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and  ex-pelhng  them  from  a  bulb  pipette,  after  they  had  been  dropped 
into  the  hollow  of  a  deep,  concave  shde.  After  48  hours  the  tissues 
were  washed  and  cultivated  in  the  same  medium. 

The  cultures  were  incubated  at  39°C.  Observations  were  made  on 
the  coagulation  time,  consistency,  duration  of  the  coagulum,  and 
character  of  growth  as  compared  with  the  controls.  The  cultures 
were  traced,  measured,  and  the  relative  increase  was  calculated, 
according  to  the  technique  mentioned  in  a  previous  article." 

The  technique  was  developed  in  the  course  of  thirty-five  experi- 
ments.    The  results  do  not  require  detailed  description  because  the 

'"  Ebeling,  A.  H.,  /.  Exp.  Med.,  1919,  xx.\,  531. 

"  Ebeling,  A.  H.,  J.  Exp.  Med.,  1919,  x.\.x,  533-534. 
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appearance  of  the  coagulum  and  of  the  growth  of  the  strain  of  fibro- 
blasts was  about  the  same  as  that  of  the  control  in  plasma  and  embryo 
juice.  Generally,  the  width  of  the  zone  of  new  tissue  and  its  density 
were  slightly  less  in  the  experiment  than  in  the  control;  the  difference 
in  most  instances  was  approximately  10  per  cent.  In  other  experi- 
ments the  tissues  were  allowed  to  grow  for  48  hours  several  times, 
and  then  transplanted  into  a  medium  of  the  same  composition.  The 
results  of  two  of  these  experiments  are  given  in  Table  I  and  in  Text- 
figs.  1  and  2.  In  the  table  the  figures  for  the  relative  growth  of  the 
tissue  obtained  in  the  control  and  experiment  represent  the  amount 
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Text-Fig.  1.  Experiment!.     Ratio  between  the  two  relative  growths,  experi- 
ment and  control. 


tissue.     The  ratio  between  the  two  relative  growths,  - 


of  growth  which  was  obtained  during  the  time  interval  chosen  (48 
hours) ,  expressed  in  function  of  the  area  of  the  primitive  fragment  of 

Experiment  _  E 
Control  C 

is  also  given.  In  Experiment  1  the  tissues  of  both  experiment  and 
control  were  divided  after  the  third  passage.  In  Experiment  2  the 
tissues  were  divided  in  the  same  way  after  the  first  passage. 

There  is  a  close  relation  between  the  relative  growths  of  the  experi- 
ments and  of  the  controls.  This  relation,  expressed  as  ratios  in  the 
first  experiment,  was  0.93,  0.93,  0.89,  0.81,  0.83;  and  in  the  second. 
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0.85,  0.88,  0.70,  0.76,  0.82,  0.92.  These  figures  e.xpress  the  fact  that 
in  the  time  elapsed  between  two  passages,  the  amount  of  growth  is 
very  nearly  the  same  both  in  the  experiment  and  the  control.  A 
curve  was  plotted  for  both  experiments  in  which  these  ratios  were 
expressed  in  ordinates  and  the  number  of  passages  (48  hour  intervals) 
in  abscissae. 
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Text-Fig.  2.  Experiment  2.     Ratio  between  the  two  relative  growths,  experi- 
ment and  control. 


DISCUSSION. 

A  heavy  precipitate  could  be  obtained  from  10  cc.  of  diluted  plasma 
by  adding  1.2  to  1.6  cc.  of  a  1  per  cent  acetic  acid  solution.  But  the 
final  product  was  too  acid.  1  cc.  of  the  acetic  acid  solution  produced 
a  precipitate  which,  after  suspension  in  distilled  water,  had  a  hydrogen 
ion  concentration  between  6  and  6.3.  The  hydrogen  ion  concentration 
of  serum  was  from  8  to  8.3  and  that  of  embr}-o  juice  from  7.3  to  7.5. 
WTien  the  precipitate  suspension  was  dissolved  in  serum  and  mixed 
with  embrj'o  juice,  the  hydrogen  ion  concentration  of  the  mixture 
varied  from  7.3  to  7.5. 

The  coagulation  was  brought  about  by  the  addition  of  embr>'0 
juice.  The  addition  of  calcium  was  not  essential  to  promote  coagu- 
lation.    On  the  contrary,  a  precipitate  formed  and  hquefaction  of 
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the  coagulum  occurred  after  24  hours.  The  presence  of  serum  is 
generally  necessary  to  prevent  liquefaction  of  the  coagulum.  In  the 
experiments  in  which  fibrinogen  suspension  was  mixed  with  Ringer's 
solution  or  embryo  juice  alone,  without  serum,  coagulation  took 
place.  But  progressive  liquefaction  began  soon  afterwards.  When 
serum  was  added  in  small  quantities  to  fibrinogen  suspension  and 
embryo  juice,  the  stability  of  the  clot  could  be  maintained. 

The  suspension  of  fibrinogen  was  used  in  various  concentrations. 
If  the  medium  contained  more  fibrinogen  than  plasma,  the  tissues 
did  not  grow  well.  'WTien  the  concentration  of  fibrinogen  was 
decreased ,  the  coagulum  was  not  dense  enough  and  liquefaction  often 
occurred  within  24  hours. 

It  was  found  that  excellent  growth  took  place  in  a  medium  composed 
of  12.5  per  cent  fibrinogen  suspension,  37.5  per  cent  serum,  and  50 
per  cent  embrj'o  juice.  Coagulation  occurred  within  1  minute  and 
the  coagulum  was  still  firm  after  48  hours. 

The  character  of  the  growth  of  the  old  strain  of  connective  tissue 
in  the  medium  was  not  difi'erent  from  that  observed  in  plasma.  The 
growth  was  slightly  less  extensive  in  the  experimental  medium  than 
in  the  control.  It  was  easy  to  extirpate  the  fragment  of  tissue  from 
its  medium  after  48  hours,  and  to  transplant  it  into  another  medium. 
After  ever}^  passage  the  amount  of  new  tissue  was  about  as  large  in 
the  experiment  as  in  the  control.  There  was  no  doubt  that  the 
culture  could  have  been  kept  alive  for  several  more  generations.  This 
shows  the  possibihty  of  keeping  a  strain  of  connective  tissue  in  a 
medium  composed  of  serum,  fibrinogen,  and  embryo  juice  in  about 
the  same  condition  as  in  plasma  and  tissue  juice. 

CONCLUSIONS. 

A  technique  is  described  by  which  a  medium  composed  of  fibrin- 
ogen suspension,  servun,  and  embryo  juice  may  be  made. 

Fibroblasts  grew  in  this  medium  about  as  well  as  in  plasma  and 
embryo  juice. 

A  strain  of  connective  tissue  in  this  medium  remained  practically 
as  active  as  the  control  for  several  passages. 
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Since  1915  when  Futaki  and  Ishiwara  found,  independently,  a 
microorganism  as  the  cause  of  rat-bite  fever,  various  investigators 
have  published  their  results  on  this  subject.  The  present  paper  is  a 
report  of  observations  recently  made  by  the  writer  on  the  micro- 
organism. 

Material. 

Two  strains  were  kept  in  the  laboratory,  one  from  an  infected 
child,  and  the  other  from  a  rat.  Besides  these,  four  were  obtained 
from  fourteen  rats.  Each  of  these  strains  was  injected  cutaneously 
into  two  guinea  pigs.  In  a  few  days  the  site  of  injection  became 
hard,  the  lymphatic  glands  were  swollen,  and  the  animals  developed 
fever  and  died.    Death  was  caused  by  the  injected  organism. 

Method. 

The  blood  of  mice  and  guinea  pigs  injected  with  the  strains  described 
above  was  observed  under  dark-held  illumination.  The  fiagellum  of 
the  microorganism  was  fixed  best  with  vapor  of  osmic  acid  (Figs. 
1  to  4).  Fixation  with  bichloride  of  mercury  was  unsuitable,  since 
it  caused  contraction.  Fixation  with  methyl  alcohol  was  simple 
and  brought  out  clearly  a  large  fiagellum.  Before  the  cover-glass 
preparation  was  dried  it  was  exposed  to  the  vapor  of  osmic  acid 
(1  gm.  of  osmic  acid  +  100  cc.  of  distilled  water  +  10  drops  of 
5  per  cent  bichloride  of  mercury)  for  from  30  seconds  to  1  minute. 
Giemsa's  solution  or  a  modified  reagent  was  used  for  staining.     Gen- 
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erally  the  microorganism  took  a  long  time  to  stain,  though  the  time 
required  depended  upon  the  power  of  the  solution,  which  varied  with 
the  proportion  of  its  components,  "methylene  azur,"  methylene  blue, 
and  eosin.  The  proportion  of  the  components  of  the  solution  was 
not  quite  the  same  as  that  of  Giemsa's  solution,  which  did  not  give 
the  best  results,  the  commercial  product  often  failing  to  stain  the 
flagellum.  A  better  solution  for  staining  was  obtained  by  adding  a 
little  alkali  to  Akashi's  solution  which  is  a  modification  of  Giemsa's 
stain.  It  is  worth  mentioning  that  not  only  did  the  staining  power 
of  the  preparation  become  very  poor  a  few  weeks  after  it  was  made, 
but  also  it  was  not  always  possible  to  obtain  the  same  staining  power, 
though  the  method  of  preparation  was  always  the  same.  This  point 
will  be  studied  further. 

OBSERVATIONS. 

The  microorganism  consisted  of  the  body  and  the  flagella,  as  first 
recognized  by  Ishiwara  and  his  coworkers  and  confirmed  by  many 
investigators.  The  body  was  short  and  thick;  there  were  two  or 
three  windings  which  were  thick,  regular,  and  spiral,  but  not  wave- 
like. Its  length  was  about  3  microns.  The  microorganism  moved 
energetically  among  the  blood  corpuscles  when  it  was  observed  under 
the  dark-field  microscope,  but  its  form  was  not  changed  during 
movement. 

As  to  the  number  of  the  flagella,  most  writers  have  observed  one 
flagellum  at  one  end  or  at  both  ends.  Matsusaki  and  his  coworkers 
and  Otawara  observ'ed  one  at  one  end  and  two  at  the  other.  In 
stained  preparations  the  flagellum  was  observed  at  both  ends  of  the 
microorganism  or  sometimes  at  one  end  only.  In  fresh  preparations 
under  dark-field  illumination,  however,  they  could  always  be  seen  at 
both  ends.  It  is  probable,  therefore,  that  the  flagella  are  generally 
present  at  both  ends.  In  preparations  fixed  with  methyl  alcohol  I 
found  one  flagellum  at  one  or  both  ends.  But  in  one  preparation 
fLxed  with  vapor  of  osmic  acid,  one  flagellum  was  shown  at  one  or 
both  ends  of  some  microorganisms,  while  many  flagella  were  detected 
at  one  or  both  ends  of  others.  These  two  types  of  microorganisms 
were  always  found  by  this  method  of  staining,  and  the  better  the 
staining  power  of  the  solution  the  greater  was  the  number  with  many 
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flagella.  This  was  true  even  in  the  same  material  and  preparation 
and  seems  to  indicate  that  the  number  of  flagella  demonstrable 
depends  on  the  staining  power  of  the  solution.  These  facts  were 
confirmed  by  a  study  of  the  six  strains  already  mentioned.  The 
largest  number  of  flagella  counted  was  seven  at  one  end.  There 
were  a  few  instances  in  which  more  than  seven  flagella  were  pres- 
ent, but  they  were  so  dense  and  tangled  that  they  could  not  be 
counted.  On  the  other  hand,  in  one  type  of  microorganism  which 
showed  one  stained  flagellum  at  one  or  both  ends  of  the  body,  only 
one  flagellum  was  found  even  when  the  staining  power  of  the  solu- 
tion was  best. 

It  therefore  seemed  advisable  to  investigate  further  the  relation  of 
these  two  types.  100  microorganisms  with  one  flagellum  at  one  or 
both  ends  and  100  with  two  or  more  flagella  at  one  or  both  ends  were 
studied.  It  was  found  that  there  was  no  relation  between  the  length 
of  the  body  or  number  of  windings  and  number  of  flagella.  It  seemed 
possible,  however,  that  the  number  of  flagella  might  be  related  to 
stages  of  development.  With  this  idea  in  mind  streak  preparations 
of  blood  taken  from  the  ear  vein  of  infected  guinea  pigs  were  made. 
Even  in  these  cases  two  types  were  always  found;  that  is,  some  micro- 
organisms had  one  large  flagellum  at  one  or  both  ends  and  others 
had  two  or  more  flagella  at  one  or  both  ends.  But  the  ratio  of  the 
two  types  of  microorganisms  during  one  period  showed  no  special 
relation  to  that  at  any  other  period. 

The  diameter  of  the  end  of  the  body  of  the  microorganisms  with 
one  large  flagellum  gradually  decreased  to  the  flagellum,  while  in 
specimens  with  two  or  more  slender  flagella  the  ends  of  the  body 
were  blunt.  Sometimes  it  was  observed,  however,  that  those  with 
one  slender  flagellum  were  also  blunt  at  the  end  of  the  body.  In 
this  case  the  number  of  flagella  which  were  attached  at  the  blunt  end 
increased  with  better  staining. 

There  were  some  peculiar  specimens  in  which  two  flagella  were 
fused  into  one  (Fig.  8,  a  and  b).  In  some  instances  the  flagellum 
was  divided  into  two  or  three  parts  at  certain  points  (Fig.  8,  d  to  /) . 
Or  again  one  flagellum  was  divided  into  two  or  three  branches  and 
one  of  the  branches  was  again  divided  into  two  (Fig.  8,/).  The  part 
of  the  flagellum  which  was  divided  into  two  or  three  was  generally 
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thicker  than  any  other  part.  Furthermore,  the  diameters  of  the 
flagella  of  a  microorganism  might  vary.  In  this  case  one  flagellum 
which  was  larger  than  the  others  was  sometimes  divided  into  two  or 
three  (Figs.  5,  e,  8,  d  and/,  and  10,  a). 

Generally  the  flagellum  was  not  straight;  in  the  living  specimen  it 
was  spiral.  If  the  object-glass  was  skillfully  moved  in  following  a 
swift  movement  of  the  microorganism  so  as  to  keep  it  in  the  center 
of  the  dark-field,  the  movement  became  slow  and  the  winding  of  the 
flagellum  was  readily  observed,  as  the  microorganism  was  weak  to 
resist  direct  light;  motion  ceased  even  though  the  light  was  removed. 
In  this  case  the  flagellum  became  comparatively  straight,  L-shaped, 
or  bow-like  instead  of  spiral.  Such  was  always  true  of  stained 
preparations  fixed  with  methyl  alcohol.  After  fixation  with  osmic 
acid  the  flagellum  was  generally  spiral  just  as  in  living  microorgan- 
isms. Often  the  direction  of  the  spiral  was  the  same  as  that  of  the 
winding  of  the  body.  The  spiral  consisted  of  one  and  a  half  or  two 
windings.  WTien  many  flagella  occurred  at  one  end,  the  spiral  of 
each  was  independent  of  the  others.  The  direction  of  the  spirals 
differed,  but  in  many  instances  they  faced  one  another.  Two  flagella, 
for  example,  which  were  extended  at  one  end,  were  situated  at  an 
angle  of  180°  to  each  other  (Fig.  5,  b  and  c),  or  three  flagella  were 
kept  at  120°  (Figs.  5,  d  and  8,  e). 

The  direction  of  the  flagellum  from  the  body  varied  with  the  move- 
ment. Futaki  observed  in  streak  preparations  that  the  direction 
of  the  flagellum  varied  and  thought  that  it  was  due  to  technique. 
This  is  not,  however,  always  the  case,  because  variation  is  observed 
even  in  a  fresh  preparation  seen  under  the  dark-field  microscope. 
Often,  however,  the  flagellum  was  extended  in  the  same  direction  as 
the  body  as  observed  in  a  forward  or  backward  movement  (Figs.  1 
and  5,  a),  though  this  did  not  always  occur  (Fig.  6,  a  to  c).  In  some 
instances  the  flagellum  was  tangled  around  the  body  (Fig.  7,  b  and  c), 
so  that  the  microorganism  appeared  to  have  an  undulating  membrane. 
Furthermore,  sometimes  it  was  noticed  that  long  microorganisms 
had  one  or  two  flagella  in  the  center  or  near  the  center  of  the  body. 
The  center  from  which  the  flagellum  originated  was  generally,  though 
not  always,  small  in  comparison  with  other  parts  of  the  body.  More- 
over, this  part  was  commonly  slightly  bent.     In  addition,  two  micro- 
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organisms,  each  of  which  had  two  or  three  windings,  were  connected 
with  a  thread  and  a  flagellum  at  the  connected  ends  (Fig.  10,  c  and  d). 
Short  microorganisms  with  one  or  more  flagella  at  one  or  both  ends 
were  often  observed  (Fig.  9,  c  and  d).  These  facts  suggest  that  the 
microorganism  divides  transversely,  though  it  is  generally  assumed 
that  it  divides  longitudinally. 

CONCLUSIONS. 

The  work  of  previous  investigators  was  confirmed  in  that  the 
microorganism  of  rat-bite  fever  was  found  to  have  flagella  which  are 
clearly  visible  by  dark-field  illumination  and  which  can  be  stained. 
The  best  staining  is  obtained  with  aUcalinized  Akashi  solution,  which 
is  a  modification  of  Giemsa's' solution;  the  vapor  of  osmic  acid  gives 
the  best  fixation. 

The  number  of  demonstrable  flagella  seems  to  vary  with  the  tech- 
nique. Sometimes  many  slender  flagella  unite  into  one  large  one  or 
one  large  flagellum  divides  into  several  smaller  ones.  It  may  be 
concluded  that  commonly  many  slender  flagella  occur  at  the  ends  and 
that  these  may  unite  into  one  or  several  large  flagella.  In  the  living; 
microorganism  the  flagella  appear  to  be  spiral.  Their  form  in  fixed 
preparations  depends  upon  the  method  employed.  Some  long  forms 
have  flagella  arising  at  the  middle  of  the  body;  this  seems  to  indicate 
that  division  is  transverse  and  not  longitudinal  as  generally  believed. 
The  rigid  body,  the  signs  of  transverse  division,  and  multiple  flagella 
seem  to  distinguish  the  forms  reported  here  from  spirochetes  and 
indicate  that  they  are  spirilla. 

The  work  was  done  under  the  direction  of  Professors  Miyairi  and 
Ogawa. 

EXPLANATION  OF  PLATES 

Plate  81. 

Figs.  1  to  4.  Photographs  of  microorganisms  which  were  found  in  the  blood  of 
mice  previously  injected.    Vapor  of  osmic  acid  fixation.     X  2,000. 

Plate  82. 
Figs.  5  to  10.     Free-hand  drawings  of  microorganisms  found  in  the  blood  of 
mice  and  guinea  pigs  previously  injected.    All  flagella  are  drawn  on   the  same 
plane,  though  they  were  not  so  in  reality. 
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IMMUNOLOGIC      STUDY     OF      STRAINS     OF     BACILLUS 
PFEIFFERI  ISOLATED  FROM  A  CASE  OF  MENINGITIS. 

By  ruth  a.  ANDERSON  and  OSCAR  T.  SCHULTZ,  M.D. 

(From  the  Nelson  Morris  Memorial  Inslitide  for  Medical  Research  of  the  Michael 
Reese  Hospital,  Chicago.) 

(Received  for  publication,  February  3,  1921.) 

The  discovery  of  Bacillus  pfeifferi  by  Pfeiffer  in  1892,  although 
made  after  the  pandemic  of  1899-90  had  spent  its  force,  was  followed 
by  rather  general  acceptance  of  the  etiological  relation  of  the  organ- 
ism to  the  disease.  In  the  two  succeeding  decades  it  was  found 
to  have  a  widespread  distribution  in  the  upper  air  passages  of  nor- 
mal individuals.  In  the  next  decade  there  were  a  nimiber  of  minor 
and  mild  epidemics,  in  several  larger  American  cities,  of  a  disease 
clinically  like  influenza  in  which,  not  the  influenza  bacillus,  but  the 
streptococcus  appeared  to  be  the  causal  agent.  These  epidemics, 
however,  were  not  associated  with  the  dangerous  complications  nor 
did  they  have  the  high  mortality  of  true  epidemic  influenza.  With 
the  passage  of  time  since  the  1899-90  pandemic  the  position  of  Bacil- 
lus pfeifferi  as  a  pathogenic  microorganism  had  become  one  of  minor 
importance  when  the  last  pandemic  made  its  appearance  in  1918. 
The  large  amount  of  bacteriologic  work  done  throughout  the  world 
in  this  epidemic  still  leaves  the  part  played  by  Bacillus  pfeifferi  as 
the  causative  agent  of  pandemic  influenza  in  doubt.  Immunologic 
investigations  have  not  helped  to  clear  up  this  doubt. 

That  Bacillus  pfeifferi  may  have  well  marked  invasive  and  patho- 
genic properties  is  established  by  its  occurrence  as  the  only  microor- 
ganism in  a  small  proportion  of  cases  of  secondary  bronchopneumonia 
and  especially  by  its  relation  to  sporadic  cases  of  acute  purulent 
meningitis. 

Kuskow,'  in  1895,  estimated  suppurative  meningitis  in  the  1899-90  epidemic  at 
2.5  to  5  per  cent  of  the  fatal  cases.    That  the  reported  cases  from  which  he  de- 

'  Kuskow,  N.,  Virchows  Arch.  path.  Aitat.,  1895,  CK.x.xi.x,  406. 
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rive(i  these  figures  were  due  to  B.  pfeifferi  was  not  established  by  bacteriologic 
examination,  and  his  figures  cannot  be  accepted  as  giving  the  true  incidence  of 
meningitis  in  influenza.  In  1904  JundelP  reported  two  cases  and  found  in  the 
literature  twelve  cases  from  which  pure  cultures  of  the  bacillus  were  obtained. 
These  cases  dated  from  1895.  In  those  previous  to  this  date  the  organism  was 
not  cultivated  or  the  cultures  were  impure.  In  1911  Wollstein'  reported  49 
cases,  eight  bemg  cases  studied  by  herself.  There  was  a  further  group  of  nine 
reported  cases  in  which  the  cultures  were  contaminated,  and  a  group  of  eight 
which  she  considered  doubtful.  Torrey''  reported  two  cases  in  1916,  making  a 
total  of  82  certain  cases  recorded  up  to  that  time;  of  these  cases  eight  recovered. 
Lacy'  in  1918  reported  one  case  in  which  the  organism  was  cultivated  from  the 
meninges  at  autopsy  but  not  from  the  spinal  fluid  during  life,  and  another  case  in 
which  B.  pfeifferi  was  grown  in  pure  culture  from  the  spinal  fluid.  Additional 
instances  are  reported  by  Nyberg,''  Brown,'  and  Moody,"  each  of  whom  reported 
two  cases;  and  by  Aaser,'  Packard,'"  Bhat,"  and  Hills,'^  each  of  whom  reported 
one  case. 

The  important  point  to  be  noted  in  connection  with  these  94  cases 
is  that  they  occurred  during  the  period  between  the  two  pandemics 
of  1899-90  and  1918-19.  The  small  number  of  cases  reported  since 
the  last  epidemic  began  and  experience  in  civil  and  military  hospitals 
during  the  epidemic  indicate  that  meningitis  due  to  Bacillus  pfeifferi 
is  a  sporadic  infection  of  not  very  great  frequency.  While  there 
seems  to  have  been  some  increase  in  meningitis  due  to  Bacillus  pfeifferi 
since  the  height  of  the  epidemic,  in  view  of  the  widespread  distribution 
of  this  organism  the  increase  would  appear  not  so  great  as  might  be 
expected  if  Bacillus  pfeiferi  were  the  cause  of  epidemic  clinical 
influenza.  Perhaps  this  fact  may  have  some  bearing  upon  any 
attempt  to  determine  the  part  played  by  Bacillus  pfeifferi  in  epidemic 
clirucal  influenza.     Other  points  of  interest  which  appear  from  the 

*  JundeU,  I.,  Jahrb.  Kinderheilk.,  1904,  lix,  777. 

3  WoUstein,  M.,  Am.  J.  Dis.  Child.,  1911,  i,  42. 

^  Torrey,  R.  G.,  Am.  J.  Med.  Sc,  1916,  clii,  403. 

5  Lacy,  G.  R.,  /.  Lab.  and  Clin.  Med.,  1918-19,  iv,  55. 

«  Nyberg,  C,  Fittska  Idk.-sdlhk.  handl.,  1915,  Ivii,  1369. 

'  Brown,  A.,  Canad.  Med.  Assn.  J.,  1915,  v,  1076. 

8  Moody,  E.  E.,  J.  Missouri  Med.  Assn.,  1916,  xiii,  328. 

'  Aaser,  E.,  Tidsskr.  mrske  Lagefor.,  1916,  .\xxvi,  393. 
'"  Packard,  F.  R.,  Ann.  OtoL,  RJiinvl.  and  LaryngoL,  1916,  xxv,  706. 
"  Bhat,  K.  S.,  Lancet,  1917,  ii,  384. 
'=  Hills,  R.,  New  York  Med.  J.,  1918,  cvii,  345. 
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reported  cases  are  the  low  age  incidence,  most  of  the  cases  occurring 
in  very  j'oung  infants  or  in  children  and  only  four  of  94  in  adults, 
and  the  high  mortality,  only  nine  of  94  cases  having  recovered. 

OBSERVATIONS. 

The  isolation  of  five  strains  of  Bacillus  pfeiferi  from  a  case  of  men- 
ingitis admitted  to  the  Sarah  Morris  Hospital  for  Children  gave  an 
opportunity  for  studying  the  immunologic  reactions  of  the  micro- 
organism as  obtained  from  a  single  case  and  for  comparing  definitely 
invasive  strains  with  others,  perhaps  saprophytic,  from  the  upper 
air  passages.  The  results,  together  with  the  recently  reported 
immunologic  studies  of  others,  appear  to  be  of  fundamental  impor- 
tance for  an  understanding  of  the  biology  of  the  organism  and  may 
have  some  bearing  upon  the  possibility  of  developing  a  therapeutic 
antiserum. 

Isolation  of  Strains. 

The  patient,  a  white,  male  infant  age  17  months,  on  admission 
showed  vomiting,  twitching  all  over  the  body,  fever,  rigidity  of  the 
body,  discharging  right  ear,  and  strabismus.  The  illness  had  begun 
with  fever  and  vomiting  4  days  before  admission;  muscular  twitching 
appeared  2  days  and  rigidity  1  day  before  admission;  strabismus 
developed  on  the  day  of  admission.  Death  occurred  on  the  7th  day 
in  the  hospital.  The  first  culture  of  Bacillus  pfeifferi  was  obtained 
from  spinal  fluid  removed  on  the  day  of  admission.  This  fluid  had  a 
cell  count  of  3,500  and  all  the  characteristics  of  a  fluid  from  acute 
purulent  meningitis.  On  the  following  day  cultures  were  made  from 
the  nose,  throat,  nasopharynx,  ear,  and  blood. 

A  direct  film  of  the  spinal  fluid  stained  by  Gram's  method  showed 
a  Gram-negative  pleomorphic  organism.  There  was  variation  in 
both  size  and  morphology  from  coccus-Hke  forms  to  rather  long, 
slender  bacilli.  Direct  films  were  not  received  in  the  laboratory 
from  the  nose,  throat,  nasopharynx,  or  ear. 

Dewdrop  colonies  with  the  typical  appearance  of  Bacillus  pfeifferi 
appeared  on  blood  agar  cultures  from  the  nose,  throat,  nasopharynx, 
blood,  and  spinal  fluid,  but  not  from  the  ear.     Films  made  from 
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these  colonies  appeared,  in  the  case  of  the  spinal  fluid  culture,  as 
Gram-negative  pleomorphic  organisms  resembling  those  seen  in  the 
direct  film.  Films  made  from  colonies  of  the  other  cultures  showed 
typical,  very  small,  Gram-negative  bacilli  fairly  uniform  in  size. 
Subcultures  were  made  on  plain  agar,  Avery's"  dextrose  blood  broth, 
and  brown  agar.  No  growth  was  obtained  from  the  plain  agar  sub- 
cultures. In  the  Avery  broth  there  was  a  rather  slight  growth  show- 
ing some  pleomorphism.  In  films  from  the  spinal  fluid  colonies  on 
the  brown  agar  plates,  the  morphology  was  more  typical  than  on 
whole  blood  agar.  Colonies  from  the  other  sources  tended  to  become 
more  pleomorphic  on  brown  agar  than  on  whole  blood  agar.  The 
brown  agar  was  made  by  adding  2  per  cent  of  defibrinated  human 
blood  to  plain  agar  and  heating  to  80°C.  long  enough  to  produce  a 
brown  color.  The  growth  on  this  medium  was  luxuriant,  becoming 
more  so  after  cultivation,  which  was  in  decided  contrast  to  the  very 
fine  growth  on  blood  agar.  The  ear  cultures  gave  only  a  pure  growth 
of  Staphylococcus  alhus.  From  spinal  fluid  removed  on  the  day 
after  adm.ission,  when  the  cell  count  had  increased  to  10,000,  Bacillus 
pfeifferi  was  again  obtained  in  pure  culture.  Subcultures  from 
selected  colonies  of  the  first  spinal  fluid  culture  and  of  the  nose,  throat, 
nasopharyngeal,  and  blood  cultures  on  brown  blood  agar  and  on 
unheated  whole  blood  agar  were  used  for  study. 

Pathogenicity. 

Determination  of  the  pathogenicity  of  the  strains  was  outside  the 
scope  of  the  investigation.  The  effect  of  an  early  generation  of  the 
spinal  fluid  culture  was  tried  on  a  rabbit  and  a  guinea  pig,  and  some 
additional  information  upon  the  relative  pathogenicity  of  the  recently 
isolated  strains  from  the  other  sources  was  obtained  from  the  immun- 
ization of  rabbits.  A  rabbit,  two-thirds  grown,  received  an  intrave- 
nous injection  of  a  salt  solution  suspension  of  the  entire  growth  of  a 
24  hour  brown  blood  agar  culture  of  the  second  generation;  the 
inoculation  was  without  eft'ect.  Instillation  of  a  heavy  suspension 
of  the  spinal  fluid  strain  into  the  nose  of  a  guinea  pig  was  also  with- 
out effect.     Since  the  invasive  spinal  fluid  strain  had  proved  to  be 

"Aver>s  O.  T.,  J.  Am.  Med.  Assn.,  1918,  kx.  17. 
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non-pathogenic  for  the  first  rabbit  used,  suspensions  of  liv-ing  cul- 
tures of  the  other  strains  were  used  for  the  immunization  of  rabbits. 
The  rabbits  injected  with  the  strains  isolated  from  the  blood,  throat, 
and  nasopharynx  died  after  one  injection.  In  all  three  instances, 
Bacillus  pfeifferi  of  typical  morphology  and  cultural  characteristics 
was  isolated  from  the  heart's  blood. 

Imtmrnization. 

For  the  production  of  immune  senmis,  rabbits  one-half  to  two- 
thirds  grown  were  used.  The  two  animals  which  had  withstood  the 
effect  of  the  first  intravenous  injection  of  living  suspensions  of  the 
spinal  fluid  and  nose  strains  were  subjected  to  further  injections. 
Since  the  strains  isolated  from  the  blood,  throat,  and  nasopharynx 
had  proved  fatal  to  rabbits  injected  intravenously  with  suspensions 
of  living  organisms,  the  immunization  of  other  rabbits  was  begun 
with  suspensions  of  these  strains  killed  by  heating  to  80°C.,  hving 
suspensions  being  used  later.  An  additional  rabbit  was  immunized 
with  the  spinal  fluid  strain.  The  intravenous  injections  were  repeated 
every  other  day.  When  trial  bleedings  from  the  ear  vein  gave  satis- 
factory agglutination,  the  animals  were  bled  from  the  heart"  and 
the  serums  were  separated.  In  this  way  there  were  prepared  two 
serums  against  the  spinal  fluid  organism,  and  one  serum  against  each 
of  the  other  strains.  These  serums  were  used  for  a  study  of  agglu- 
tination, complement  fixation,  and  phagocytic  activity. 

Agglutination. 

The  macroscopic  method  was  used.  Each  immune  serum  was 
used  with  its  homologous  strain  and  with  the  four  heterologous 
strains.  The  senun  was  used  in  dilutions  of  1:4,  1:8,  1:16,  and  so 
on  by  geometrical  progression  to  1:4,096.  To  each  dilution  of  serimi 
an  equal  quantity  of  Bacillus  pfeijferi  suspension  was  added,  the 
total  volume  of  fluid  being  0.5  cc.  This  suspension  was  obtained  by 
washing  down  twenty-four  cultures  with  normal  salt  solution.  The 
growths,  since  they  were  quite  cohesive,  were  well  shaken  and  then 
centrifuged  for  a  few  minutes  to  throw  down  the  larger  particles,  and 
the  supernatant  fluid  was  used.     A  test  was  incubated  at  56°C.  for 

**  This  was  always  done  under  anesthesia. 
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4  hours  and  placed  in  the  ice  box  over  night;  another  was  incubated 
at  53°C.  for  20  hours.  Neither  of  these,  however,  proved  so  satis- 
factory as  material  incubated  at  37°C.  for  2  hours  and  placed  in  the 
ice  box  over  night.  Since  it  was  feared  that  the  strains  might  die  out 
during  subsequent  work,  cultures  were  made  on  brown  blood  agar 
slants  in  Blake  flasks.  From  the  luxuriant  growths  thus  obtained 
large  amounts  of  suspension  were  made,  the  organisms  being  killed 
by  heating  to  80°C.  It  was  hoped  that  the  use  of  such  stock  sus- 
pensions throughout  all  the  work  might  give  more  satisfactory  results. 
It  was  soon  found,  however,  that  agglutinations  with  these  older  sus- 
pensions were  unsatisfactory.  A  slightly  turbid  fresh  suspension  of  a 
24  hour  living  culture  gave  better  results  than  a  more  turbid  sus- 
pension.   The  results  of  the  agglutination  tests  are  given  in  Table  I, 


TABLE  I. 
Agglutination. 


Immune  serums. 

Normal 
rabbit 
serum. 

B.  tJeiJeri. 

Spinal 
Fluid  1. 

Spinal 
Fluid  2. 

Blood. 

Nose. 

Throat. 

Naso- 
pharynx. 

1:4,096 
1:8 
1:64 
0 
1:64 

1:1,024 

1:32 

1:128 

0 
1:64 

1:64 

1:128 

1:32 

0 
1:16 

1:64 

1:4 

1:64 

0 
1:256 

64 

4 

32 

1,024 

8 

1:16 
1:4 
1:8 
0 
1:512 

0 

Blood 

0 

Nose 

0 

Throat 

0 

Nasopharjils 

0 

the  figures  being  the  highest  dilution  of  serum  at  which  clumping  was 
apparent  to  the  naked  eye. 

The  results  of  the  agglutination  experiments  show  a  wide  variation 
in  the  titer  of  the  serums  for  their  homologous  strains.  Whether 
this  is  due  to  differences  in  agglutinability  of  the  strains,  to  variations 
in  agglutinogen  content  of  the  strains,  or  to  variations  in  the  response 
of  the  animals  used  it  is  impossible  to  decide.  With  the  exception 
of  the  serum  against  the  strain  from  the  nose  each  serum  agglutinates 
best  its  homologous  strain.  Each  serum  except  that  against  the 
throat  strain  gives  also  cross-agglutination  with  the  heterologous 
strains  in  low  dilutions  of  serum.  The  serums  against  the  spinal 
fluid  organism  have  the  highest  titer,  that  against  the  strain  from  the 
throat  is  most  specific,  whereas  the  serums  against  the  strains  from 
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the  nose  and  nasopharynx  are  least  specific.  It  was  originally  in- 
tended to  perfonn  absorption  agglutination  experiments,  but  the 
exhaustion  of  the  supply  of  serums  and  the  later  loss  of  some  of  the 
strains  prevented  this. 

Complement  Fixation. 

In  the  complement  fixation  experiments  two  series  of  tests  were  set 
up.  In  the  first,  each  immune  serum  was  used  with  the  spinal  fluid 
strain.  This  exhausted  the  supply  of  serums,  so  that  cross-fixation 
tests  with  the  remaining  strains  as  antigens  could  not  be  done.  There 
was  left  just  enough  immune  serum  from  the  rabbits  injected  with  the 
nose  and  throat  strains  to  set  up  these  serums  with  their  homologous 
strains.  After  the  original  supply  of  serums  was  exhausted,  an 
attempt  was  made  to  obtain  a  fresh  supply  by  reimmunizing  the 
original  animals  with  stock  killed  suspensions  of  the  strains  which 
had  been  used  before.  This  second  lot  of  serums  was  not  so  satis- 
factory as  the  first  but  was  used  in  a  second  series  of  experiments  in 
which  each  serum  was  set  up  with  all  the  strains.  Because  of  the 
loss  of  several  of  the  strains  it  was  necessary  to  use  as  antigens  the 
stock  killed  suspensions  which  had  been  prepared  at  the  beginning 
of  the  work. 

Undiluted  serums  heated  at  56°C.  for  30  minutes  were  used.  In 
the  first  series  the  antigens  were  made  of  unlieated  bacterial  suspen- 
sions such  as  were  described  under  Agglutination.  The  system  used 
was  the  anti-sheep  rabbit  in  one-tenth  the  volume  of  the  original 
Wassermann  test.  The  serum,  antigen,  and  complement,  which  con- 
sisted of  two  units  of  fresh  guinea  pig  serum,  were  incubated  at  37°C. 
for  1  hour.  Two  units  of  previously  titrated  anti-sheep  amboceptor 
and  a  5  per  cent  suspension  of  sheep  corpuscles  were  then  added  and 
the  whole  was  incubated  for  1  hour.  Antigen,  serum,  and  hemo- 
lytic control  tests  were  made  each  time.  Serum  and  complement 
were  kept  constant;  the  antigens  were  varied,  the  figures  given  in 
Tables  II  and  III  being  the  fractions  of  the  anticomplementary 
unit  which  gave  complete  inhibition  of  hemolysis. 

As  has  been  found  to  be  the  case  in  comparative  studies  of  aggluti- 
nation and  complement  fixation  with  other  species  of  bacteria,  the 
complement  fixation  experiments  with  Bacillus  pfeijferi  show  a  lesser 
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degree  of  specificity  than  do  the  agglutination  reactions.  An  unex- 
pected result  is  the  degree  of  fixation  which  normal  rabbit  serum 
gave  with  the  different  antigens.  The  serum  of  a  number  of  different 
normal  rabbits  was  used,  but  always  with  the  same  result.  In  the 
second  series,  in  which  the  older  stock  suspensions  were  used  as  anti- 
gens, this  phenomenon  was  even  more  marked.  It  would  appear  to 
be  due  to  a  property  of  the  antigen  rather  than  of  the  normal  serum; 

TABLE   II. 
Complement  Fixation. 


.\ntigens  of 

Immune  scrums. 

Normal 
rabbit 
serum. 

B.  pfeiferi. 

Spinal 
Fluid  1. 

Spinal 
Fluid  2. 

Blood. 

Nose. 

Throat. 

Naso- 
pharynx. 

Spinal  fluid 

^U 

^h 

1 

4 

A 
A 

A 

1 

Xose 

i 
i 

Throat 

TABLE  rn. 
Complement  Fixation. 


Immune  serums. 

Normal 
rabbit 
serum. 

B.  pjcifcri. 

Spinal 
Fluid  1. 

Spinal 
Fluid  2. 

Blood. 

Nose. 

Throat. 

Naso- 
pharynx. 

Spinal  fluid 

Blood 

3^ 

4 

i 

i 

4 
i. 

i 

4 
it 

4 
4 

Nose 

Throat 

4 

Nasophar>'nx 

,V 

the  antigen  appeared  to  be  somewhat  anticomplementary  when  used 
with  normal  rabbit  serum,  although  it  had  no  such  action  when  added 
to  the  hemolytic  system  in  the  absence  of  rabbit  serum. 


Opsotiins. 

The  opsonic  index  of  each  immune  serum  with  its  homologous 
influenzal  strain  was  determined.  Equal  parts  of  suspensions  of 
li\nng  Bacillus  pfeifferi,  normal  rabbit  leucocytes  (collected  in  0.2 
per  cent  sodium  citrate,  washed,   and   suspended  in  normal  saline 
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solution),  and  inactivated  serum  were  mixed  and  incubated  at  37°C. 
for  30  minutes.  50  polymorphonuclear  leucocytes  were  counted  and 
the  number  of  cells  taking  part  in  phagocytosis  was  noted  and  com- 
pared with  a  similar  series  in  which  normal  rabbit  serum  replaced 
the  immune  serum.  The  strain  isolated  from  the  blood  was  also  set 
up  with  all  the  immune  serxmis.  The  results  of  these  experiments 
are  given  in  Table  IV.  Because  of  the  low  opsonic  indexes  obtained 
in  these  experiments  further  work  in  this  direction  was  not  done. 

With  the  exception  of  the  iirst  spinal  fluid  serum,  all  the  serums 
used  were  of  the  second  lot.  The  opsonin  experiments  show  much 
the  same  kind  and  degree  of  variation  as  the  agglutination  tests. 
The  spinal  fluid  serums,  which  had  the  highest  agglutinin  titers,  have 


TABLE  rv. 
Opsonins. 


Suspensions  of 
B.  pjeijjeri. 


Spinal  fluid.  . 

Blood 

Nose 

Throat 

Nasopharynx 
Blood 


Spinal 
Fluid  1. 


2.1 


1.3 


Immune  serums. 


Spinal 
Fluid  2. 


1.9 


1.2 


Blood. 


1.4 


1.4 


Nose. 


1.8 


1.1 


Throat. 


1.5 
1.0 


Naso- 
pharynx. 


1.6 
1.0 


also  the  greatest  opsonic  activity.  In  the  series  in  which  the  dif- 
ferent serums  were  used  with  the  same  bacterial  suspension,  the  organ- 
ism being  the  strain  from  the  blood,  the  action  of  the  serum  is  best 
with  the  homologous  organism,  but  the  differences  are  not  very 
marked. 

DISCUSSION. 

Immunologic  studies  of  B.  pfeijfcri  have  led  to  conflicting  results.  Park,'^  by 
agglutination  methods,  found  that  cultures  from  different  cases,  even  in  the  same 
locality,  differed  essentiaUy  or  completely  from  each  other.  Isolations  from  the 
same  case  were  usually  identical,  but  different  strains  could  occasionally  be  ob- 
tained from  the  same  case.    The  differences  noted  were  stable  and  persisted  after 


'5  Park,  W.  H.,  J.  Am.  Med.  Assn..  1919.  Lxxiii,  318. 
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subculturing.  liuntoon  and  Ilannum"'  came  to  exactly  opposite  conclusions 
and  claimed  an  intimate  relation  for  different  strains,  even  when  these  were  iso- 
lated in  widely  separated  regions.  Their  work  was  based  upon  a  small  number  of 
strains.  Their  agglutinin  titers  with  three  monovalent  serums  and  four  strains 
were  low,  the  maximum  of  1 :  640  being  reached  only  once.  The  absorption  ex- 
periments gave  a  decrease  in  titer  varying  from  1 :  10  to  1 :  80.  Small  and  Dickson" 
also  found  strain  relations  by  agglutination  methods  and  arranged  their  strains 
into  four  groups.  The  number  of  strains  used  by  them  was,  however,  only  ten, 
of  which  three  fell  into  one  group,  four  into  another,  while  the  two  remaining 
groups  were  each  represented  by  only  one  strain;  there  was  one  additional 
strain  which  could  not  be  placed  in  any  of  these  groups  because  of  its  inagglu- 
tinability.  The  propriety  of  setting  up  groups  with  only  single  representatives 
must  appear  doubtful;  we  believe  that  the  study  of  a  larger  number  of  strains 
might  have  increased  the  number  of  single  strain  groups  indefinitely.  Valentine 
and  Cooper,'*  in  agglutination  and  absorption  experiments  on  171  strains  from 
autopsies  and  from  the  upper  air  passages  of  patients  with  influenza,  foimd  little 
or  no  evidence  of  identity  and  concluded  that  under  £./»/c(^erJ  is  included  a  hetero- 
geneous group  of  organisms,  among  which  there  may  be  small  subgroups.  Six 
strains  isolated  from  as  many  members  of  a  single  family,  all  taken  ill  with  influ- 
enza at  about  the  same  time,  were  all  different.  Utheim"  isolated  thirty  strains 
from  thirty  patients  and  tested  the  agglutination  of  the  patients'  serums  with 
the  homologous  strains.  Eleven  (36  per  cent)  gave  a  positive  agglutination  in 
dilutions  which  varied  from  1:20  to  1:160.  In  cross-agglutination  experiments 
only  one  strain  was  agglutinated  by  heterologous  serum,  giving  a  positive  result 
with  the  serums  of  three  patients  in  1 :  40  dilution.  Utheim  concluded  that  each 
strain  seemed  to  be  individual  in  its  immunologic  reaction."  Bell''"  studied  the 
agglutination  reactions  of  thirty-six  strains,  isolated  by  pharyngeal  culture,  with 
twenty-seven  monovalent  serums.  His  results  are  particularly  valuable  because 
of  the  high  titers  which  the  serums  developed.  Cross-agglutination  occurred 
frequently  in  low  dilution,  but  in  only  a  few  instances  in  higher  dilutions.  Ab- 
sorption experiments  also  showed  such  variation  that  grouping  of  strains  was 
impossible;  the  organisms  used  for  absorption  might  absorb  all,  part,  or  none  of 
the  agglutinin  for  other  strains.  Strains  isolated  from  two  brothers  were  identi- 
cal; from  one  individual  two  strains  were  isolated  which  were  identical  with  two 
isolated  from  another  individual.  Three  strains  isolated  from  a  single  individual 
were  quite  distinct  from  one  another.  Although  identical  strains  may  occur, 
Bell  concluded  that  "the  influenza  bacillus  represents  a  heterogeneous  group  of 

'^  Huntoon,  F.  M.,  and  Hannum,  S.,  J.  Immunol.,  1919,  iv,  167. 
"  Small,  J.  C,  and  Dickson,  G.  K.,  /.  Infect.  Dis.,  1920,  x.xvi,  230. 
"  Valentine,  E.,  and  Cooper,  G.  M.,  J.  Immunol.,  1919,  iv,  359. 
"  Utheim,  K.,  J.  Infect.  Dis.,  1920,  xxvii,  460. 
">  Bell,  H.  H.,  /.  Infect.  Dis.,  1920,  x-xvii,  464. 


RUTH   A.    ANDERSON   AND    OSCAR   T.    SCHULTZ  663 

organisms."  Cooke^'  was  likewise  unable  to  find  any  antigenic  relation  when  six- 
teen of  the  strains  isolated  by  Bell  were  used  as  antigens  in  the  complement 
fixation  reaction  with  patients'  serums. 

The  study  of  five  strains  isolated  from  the  same  case,  of  which 
strains  two  were  definitely  invasive,  appeared  to  ofifer  better  possi- 
bilities of  obtaining  knowledge  of  the  biology  of  Bacillus  pfeifferi 
than  the  study  of  many  strains  from  a  large  number  of  cases.  Whether 
the  primary  invasion  in  the  present  case  was  one  of  the  blood  stream 
or  of  the  meninges,  it  is  impossible  to  say.  We  believe  it  more  prob- 
able that  the  meninges  were  invaded  first  and  directly  from  the 
upper  air  passages,  and  that  the  blood  was  invaded  from  the  meninges. 
The  five  strains  isolated  show  distinct  immunologic  differences.  The 
strains  isolated  from  the  nose  and  the  nasophar>-nx  show  a  greater 
apparent  relation  than  any  other  two  strains,  and  there  may  be  some 
slight  relation  between  the  spinal  fluid  and  the  nose  strains.  The 
relation  in  each  instance,  however,  is  less  marked  than  that  which 
occurs  among  certain  members  of  the  colon-t^'phoid  intermediates 
which  are  considered  to  be  distinct  species.  Unfortunately,  absorp- 
tion experiments  could  not  be  done,  but  it  is  believed  that  they 
would  not  have  added  much  of  importance  since  cross-agglutination 
was  so  slight.  The  opsonin  studies,  although  phagocytosis  was  not 
strikingly  increased  by  the  immune  serums,  show  much  the  same 
differences  as  those  obtained  by  agglutination.  Since  the  results 
given  were  obtained  by  comparing  the  action  of  immune  seriun  on 
normal  leucocytes  with  that  of  normal  serum,  the  phenomenon  of 
spontaneous  phagocytosis  in  the  absence  of  serum,  noted  by  Davis, ^' 
may  be  excluded.  The  pathogenicity  of  the  five  strains  for  rabbits 
also  varied,  although  no  great  importance  may  be  attached  to  these 
results  because  of  the  small  number  of  animals  used.  Suspensions 
of  living  cultures  of  the  blood,  throat,  and  nasopharynx  strains 
caused  death  from  bacteremia.  The  nose  and  the  spinal  fluid  strains 
were  non-pathogenic  for  rabbits  in  large  doses. 

Our  results,  as  well  as  those  of  Park,'^  Valentine  and  Cooper," 
Utheim,'^  Bell,""  and  Cooke,^'  are  directly  opposed  to  those  of  Hun- 

"  Cooke,  J.  v.,  J.  Infect.  Dis.,  1920,  .xxvii,  476. 
"  Davis,  D.  J.,  /.  Am.  Med.  Assn.,  1907,  xlviii,  1563. 
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toon  and  Hannum,'^  and  of  Small  and  Dickson."  The  evidence 
obtained  from  strains  isolated  from  the  same  case  or  from  different 
cases  against  identity  of  strains,  and  even  against  any  close  immun- 
ologic relation  of  strains,  appears  overwhelming.  WTiat  bearing 
these  results  have  upon  the  question  of  the  etiological  relation  of 
Bacillus  pfeifferi  to  the  epidemic  disease,  it  is  difficult  to  say.  Park" 
maintains  that  epidemic  strains  must  be  biologically  identical  if  they 
are  to  be  considered  to  have  any  causal  connection  with  the  disease. 
For  most  species  of  bacteria  this  is  undoubtedly  true.  With  Bacillus 
pfeijferi  the  question  arises  whether  it  may  be  possible  that  the  wide 
variations  in  strains  indicate  biological  instabihty  which,  under 
proper  conditions,  becomes  an  important  factor  in  the  causation  of 
epidemics.  In  spite  of  the  fact  that  immimologic  characters  become 
fixed  upon  cultivation  of  Bacillus  pfeiferi  outside  the  body,  it  is  diffi- 
cult to  exclude  the  possibility  that  the  organism  is  so  labile  that  it 
may  undergo  changes  under  natural  conditions  in  the  human  body. 
Although  different  strains,  even  from  the  same  case,  may  show  wde 
variations  in  experimental  immunologic  reactions,  we  believe  that 
such  strains  are  not  so  distinct  from  each  other  as  are  the  various 
members  of  the  colon-typhoid  intermediate  group,  for  instance. 
WTiile  the  present  case  yielded  five  strains  which  have  Httle  in  com- 
mon except  cultural  and  morphologic  characters,  it  is  probable  that 
the  subculturing  of  more  colonies  from  the  original  cultures  would 
have  yielded  a  still  larger  niimber  of  immunologically  different  strains. 
However  great  the  differences  between  the  strains  which  were  iso- 
lated, it  is  diflicult  to  beheve  that  these  strains  are  not  genetically 
the  same. 

If,  as  appears  to  be  the  case  with  antimeningococcus  serum,  the 
agglutinin  and  opsonin  titers  of  an  immune  serum  are  a  measure  of 
the  therapeutic  value  of  the  serum,  the  multiplicity  of  strains  or 
races  of  Bacillus  pfeifferi  would  seem  to  render  impossible  the  prepa- 
ration of  a  senmi  which  might  be  of  value  in  influenzal  meningitis. 
Such  a  senmi  was  prepared  by  Wollstein^^  at  The  Rockefeller  Insti- 
tute and  was  found  to  have  definite  value  in  experimental  influenzal 
meningitis  of  monkeys.     The  serum  had  a  low  agglutinin  titer  but 

^  WoUstein,  M.,  /.  Exp.  Med.,  1911,  xiv,  73. 
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markedly  increased  phagocytosis.  The  immunologic  relation  of  the 
organisms  used  in  the  experimental  infection  to  those  used  in  the 
preparation  of  the  immune  serum  is  not  apparent  from  her  report. 
The  use  of  this  serum  in  one  of  the  cases  reported  by  Torrey*  was 
followed  by  recovery.  Packard's'"  case  also  received  this  serum  and 
recovered.  Hills''-  patient  who  did  not  receive  the  serum  until  the 
4th  day  of  the  disease  died  on  this  day.  Although  one  hesitates  to 
draw  conclusions  from  such  a  small  number  of  cases,  recovery  may 
have  been  due  to  the  senam,  since  the  usual  mortality  of  influenzal 
meningitis  is  approximately  90  per  cent.  In  \'iew  of  later  immuno- 
logic studies,  there  is  no  reason  to  suppose  that  the  organisms  from 
the  recovered  cases  would  have  been  found  to  be  identical  with  the 
strains  used  in  the  preparation  of  the  serum.  The  present  opsonin 
experiments  with  monovalent  serums  indicate  strain  variations  com- 
parable with  those  obtained  in  the  agglutination  experiments.  The 
opsonin  titers  of  our  serums  were  so  low  that  we  do  not  attach  great 
importance  to  the  results  obtained;  it  is  possible  that  serums  with 
higher  opsonin  values  might  have  shown  less  variation  between 
strains  and  a  greater  degree  of  group  reaction.  It  is  also  possible,  if 
strains  of  Bacillus  pfeijferi  are  genetically  related  but  immunolog- 
ically distinct,  that  the  therapeutic  value  of  a  serum  in  meningitis 
may  depend  upon  properties  other  than  those  which  can  be  measured 
by  agglutination  or  opsonin  reactions. 

SUMMARY. 

Five  strains  of  Bacillus  pfeifferi  were  isolated  from  a  case  of 
meningitis.  These  strains  came  from  the  spinal  fluid,  blood,  nose, 
throat,  and  nasopharynx. 

Immunologic  reactions  show  no  definite  relations  between  these 
strains,  although  those  from  the  nose,  throat,  and  nasopharynx 
might  be  presumed  to  be  related  to  one  another.  It  is  also  presum- 
able that  the  spinal  fluid  strain  was  derived  from  the  upper  air  pas- 
sages, and  that  the  blood  was  invaded  from  the  meninges.  In  spite 
of  immunologic  differences,  it  is  believed  that  the  five  strains  were 
genetically  related. 
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The  variations  in  these  five  strains  from  a  single  case  are  as  great 
as  those  which  have  been  found  by  others  for  strains  from  different 
cases,  or  indi\-iduals. 

As  detemiined  by  immunologic  reactions,  the  number  of  so  called 
strains  of  Bacillus  pfeifferi  is  apparently  limited  only  by  the  number 
of  cultures  which  have  been  or  might  be  isolated.  It  is  inconceivable 
that  under  the  designation  Bacillus  pjeijferi  is  included  a  hetero- 
geneous mixture  of  innumerable  distinct  races  of  bacteria;  there  must 
be  some  biological  relation  which  cannot  be  estabUshed  by  agglu- 
tination, complement  fixation,  or  opsonin  reactions. 

The  variations  which  have  been  noted  may  be  an  indication  of  a 
degree  of  instability  which  may  have  some  bearing  upon  questions 
relating  to  the  epidemiology  of  Bacillus  pfeiferi  infections  and  to  the 
serum  therapy  of  influenzal  meningitis. 

The  strain  variations  which  have  been  shown  to  exist  by  immuno- 
logic methods  do  not  support  the  theory  of  the  etiological  relation  of 
Bacillus  pjeijferi  to  epidemic  influenza,  unless  it  can  be  shown  that 
such  variations  are  due  to  instability  of  the  organism.  The  fact 
that  the  incidence  of  meningeal  involvement  was  only  slightly  in- 
creased during  the  last  pandemic  is  also  evidence  against  the  causal 
relation  of  the  organism  to  the  pandemic  disease. 


THE  INCIDENCE  OF  BLACKHEAD  AND  OCCURRENCE  OF 

HETERAKIS  PAPULOSA  IN  A  FLOCK  OF  ARTI- 

FICLALLY  REARED  TURKEYS. 

By  H.  W.  GRAYBILL,  D.V.M. 

(From  the  Department  cj  Animal  Pathology  of  The  Rockefeller  Institute  for  Medical 
Research,  Princeton,  N.  J.) 

(Received  for  publication,  February  16,  1921.) 

During  the  season  of  1920  a  flock  of  turkeys  reared  in  incubator  and 
brooder,  and  on  new  soil,  has  provided  further  data  on  the  incidence 
of  blackhead  under  such  circumstances  and  has  furnished  additional 
evidence  that  this  method  is  a  successful  means  of  rearing  turkeys. 
Interesting  data  have  also  been  obtained  on  the  occurrence  of  the 
worm  (Heterakis  papulosa)  shown  in  previous  work  to  be  a  factor  in 
the  production  of  this  disease  and  some  evidence  has  been  obtained 
on  the  source  of  this  worm  in  the  environment  under  which  the  exper- 
iments were  conducted. 

The  ground  on  which  the  flock  was  reared  was  in  a  large,  well  fenced 
horse  paddock  which  had  not  been  used  for  turkeys  or  chickens  for 
a  period  of  more  than  3  years.  The  soil  was  plowed  and  sown  in 
the  spring.  The  old  turkeys  and  poultry  were  confined  in  enclosures 
at  a  distance  from  the  paddock  and  precautions  were  taken  to  prevent 
attendants  carrying  infection  from  these  to  the  flock  in  the  paddock. 
As  in  the  previous  field  experiments  no  attempt  was  made  to  exclude 
wild  birds. 

Three  lots  of  eggs  were  incubated  in  commercial  incubators.  These 
yielded  85  poults.  The  lots  were  brooded  separately  and  kept  apart 
in  coops  and  enclosures  of  their  own  until  August  9  when  they  were 
combined  into  one  flock  and  given  the  run  of  the  paddock,  within 
which  the  enclosures  used  up  to  this  time  had  been  located.  Lot  1 
was  hatched  May  30,  Lot  2  June  9,  and  Lot  3  June  22.  They  were 
placed  outdoors  June  9  and  15,  and  July  1  respectively. 

Up  to  October  1,  nine  had  died  of  miscellaneous  causes  and  four 
from  blackhead.    Twenty-eight  in  all  had  been  removed  at  intervals 
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for  experimental  purposes.  The  remaining  birds  were  in  a  flourishing 
condition.  Of  those  that  died  of  miscellaneous  causes,  one  was 
trampled  to  death,  in  two  the  cause  of  death  remained  undetermined, 
two  died  of  general  weakness,  two  of  leg  weakness,  one  of  typhlitis, 
and  one  of  enteritis.  After  October  1,  one  other  case  of  blackhead 
occurred  and  one  more  bird  was  removed  for  experimental  purposes. 

It  will  be  noted  that,  in  all,  five  cases  of  blackhead  occurred  in 
the  flock.  The  dates  on  which  the  birds  became  sick  were  July  14, 
September  3,  15,  17,  and  October  5.  The  contents  of  one  cecum  in 
the  first  case  were  washed  and  sedimented  for  worms  and  one  young 
Ileterakis  papulosa  was  found.  The  second  case  was  not  examined 
for  worms.  The  contents  of  both  ceca  of  the  three  remaining  cases 
were  washed  and  sedimented,  and  ten  Heterakis  small  to  full  grown 
were  found  in  one,  one  young  and  one  full  grown  in  another,  and  two 
full  grown  specimens  in  the  third.  Three  of  the  birds  were  exam- 
ined for  coccidia  with  negative  results. 

With  the  exception  of  four  birds  retained  for  breeding,  the  remain- 
der of  the  flock  consisting  of  42  birds  was  killed  for  food  purposes 
during  November  and  December.  Data  on  these  turkeys  are  given 
in  Table  I.  The  organs  of  all  were  examined  for  lesions  of  blackhead 
and  for  scars.  The  examination  proved  entirely  negative.  None  of 
these  birds  had  at  any  time  shown  symptoms  of  illness.  All  were 
normal  at  autopsy  with  one  exception,  in  which  the  mucosa  at  the 
tips  of  the  ceca  was  congested  and  pigmented. 

The  degree  of  infestation  with  Heterakis  was  determined  by  wash- 
ing and  sedimenting  the  cecal  contents.  It  will  be  noted  from  the 
table  that  five  were  free  of  womis.  Eleven  turkeys  harbored  one 
worm  each;  eight,  two  worms;  three,  three  worms;  six,  four  worms; 
one,  seven  worms;  three,  eleven  worms;  and  one,  fourteen  worms. 
As  e\-idence  of  the  difficulty  the  parasite  has  in  estabHshing  itself 
in  a  flock  on  \'irgin  soil,  it  is  of  interest  to  note  the  number  of  cases  in 
which  either  males  alone  or  females  alone  were  present.  In  twelve 
birds  only  males  were  present  and  in  six  only  females.  Further 
obstacles  are  presented  to  the  multiphcation  of  the  parasite  in  that 
males  alone  presumably  might  occur  in  one  cecum  and  females  in 
the  other,  and  moreover  when  both  sexes  occur  together,  individuals 
of  both  in  the  same  stage  of  development  might  not  be  present,  a 
circumstance  not  favorable  to  reproduction. 


TABLE   I. 
Data  on  Turkeys  Killed  for  Food. 


No.  of 
turkey. 

Date  killed. 

Live  weight. 

Color.* 
Sex.* 

No.  of  B.  papulosa  present. 

1920 

lbs. 

• 

430 

Nov.    4 

9\ 

B. 

1  grown,  1  almost  grown. 

431 

"     20 

"    M. 

2      "      females. 

432 

"     20 

m 

a      it 

None. 

433 

"     20 

9i 

W.;F. 

it 

434 

"     20 

8i 

B.;  " 

tt 

435 

"     22 

13f 

W.;M. 

2  adult  males. 

436 

"     22 

13 

H           it 

2      "     females,  1  male. 

437 

"     22 

12 

tt           t( 

4  "  "6  nearly  to  full  grown,  1 
young  male. 

438 

"     22 

8 

"     F. 

1  adult  female,  3  young  to  grown  males. 

439 

"     23 

16i 

B.;M. 

1  young  male. 

440 

"     23 

13} 

ft            li 

3  grown  females,  4  adult  males. 

441 

"     23 

14 

i(        a 

3      "      males,  1  young  female. 

442 

Dec.  18 

13 

tt        tt 

1  male  nearly  grown. 

443 

"     18 

131 

tt        tt 

5  males  and  5  females  nearly  to  full  grown., 
and  a  young  stage  2-3  mm.  long. 

444 

"     18 

8i 

W.;F. 

1  grown  male. 

445 

"     18 

8i 

B.;  " 

4  adult  males. 

446 

"     18 

9i 

It         tt 

1  male  and  1  female,  adults. 

447 

"     20 

15 

W.;  M. 

1  grown  male. 

448 

"     20 

81 

B.;F. 

3  "  females  and  8  males  nearly  to  full 
grown. 

449 

"     20 

14i 

"    M. 

1  adult  female. 

450 

"     20 

14 

it          It 

1  grown  male. 

451 

"     20 

16^ 

W.;" 

3  adult  females  and  1  male  nearly  grown. 

426 

"     21 

9 

B.;  F. 

2  grown  females. 

452 

"     21 

9i 

W.;" 

1      "      female,  1  adult  male. 

453 

"     21 

8 

B.;  " 

14  males  and  females,  nearly  to  full  grown 

454 

"     21 

9i 

if       It 

2  grown  males. 

455 

"     22 

101 

it       tt 

1  nearly  grown  female. 

456 

"     22 

10} 

tt       tt 

1      "          "      male. 

457 

"     22 

8} 

tt       t( 

3  females  nearly  to  full  grown. 

428 

"     22 

8} 

it       it 

3  adult  females,  1  male  nearly  grown 

458 

"     22 

10} 

it       tt 

1  grown  female,  2  adult  males. 

459   . 

"     23 

12 

W.;  M. 

1      "      male. 

460t 

"     23 

Hi 

B.;    " 

None. 

461 

"     23 

91 

"    F. 

4  worms. 

462 

"     28 

14 

"    M. 

1  nearly  grown  male. 

463 

"     28 

16 

ti  tt 

2      "         "      males. 

464 

"     28 

16i 

11  It 

None. 

465 

"     28 

16} 

it  it 

1  nearly  grown  female. 

*  B.  indicates  bronze;  W.,  white;  M.,  male;  F.,  female, 
t  Mucosa  of  tips  of  ceca  greatly  congested  and  pigmented. 
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As  evidence  that  the  flock  of  turkeys  was  not  one  specially  resistant 
to  blackhead  it  will  be  of  interest  to  consider  the  history  of  a  number 
withdrawn  during  June  and  July  and  exposed  to  an  old  flock.  The 
data  on  the  incidence  of  blackhead  and  the  occurrence  of  Ilclerakis  in 
these  furnish  a  striking  contrast  to  what  was  observed  in  those  not 
exposed. 

Of  twenty-nine  birds  removed  for  experimental  purposes,  sixteen 
were  penned   with   the  old   flock   beginning  in   July.    All   became 


TABLE   II. 
Data  on  Turkeys  Exposed  to  Old  Flock. 


Cecal  contents 

\o.  of  turkey. 

Date  exposed. 

Date  sick. 

Blackhead. 

washed  and 
sedimented. 

N'o.  of  B.  papulosa  present. 

1920 

1920 

400 

July  12 

Aug.    2 

+ 

Both  ceca. 

59  young  to  grown. 

401 

"      12 

"      16 

+ 

li              u 

21      " 

402 

"      12 

"        8 

+ 

it          it 

7      "       to  grown. 

403 

"     12 

July  26 

+ 

n            it 

About  25  young. 

404 

"     12 

Aug.  16 

* 

405 

«     j2 

July  29 

+ 

Both  ceca. 

11  young. 

406 

"     12 

Aug.    8 

+ 

ti            It 

30      " 

407 

"     12 

"      2 

+ 

it           it 

90      " 

40S 

"     19 

"      6 

+ 

t 

409 

"     19 

"      8 

+ 

Both  ceca. 

100  young. 

410 

"     19 

"     23 

+ 

t 

411 

"     19 

"     16 

* 

412 

"     12 

July  28 

+ 

Both  ceca. 

7  young. 

413 

"     12 

Aug.    8 

+ 

(1        ii 

7  nearly  grown. 

414 

"     12 

"     23 

+ 

11        li 

40  )'oung  to  grown. 

415 

"     12 

"     16 

+ 

One  cecum. 

JIany,  mostly  young. 

*  Survived. 

t  No  examination  for  worms. 

sick  within  42  days  (Table  II).  Two  survived  and  there  is  every 
reason  to  believe  that  they  underwent  an  attack  of  blackhead,  since 
both  were  sick  for  about  7  days.  The  diagnosis  of  blackhead 
in  the  others  was  confirmed  at  autopsy.  In  washing  and  sedimenting 
the  contents  of  the  ceca  the  number  of  Heterakis  present  was  deter- 
mined. In  eight  birds  the  number  of  wonns  ranged  from  21  to  100. 
In  the  four  rem.aining  ones  examined,  the  number  found  was  7  to  11. 
It  should  be  stated  that  the  method  used  in  collecting  the  worms 
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would  not  lead  to  the  detection  of  very  young  stages.     Ten  of  the 
birds  were  examined  at  autopsy  for  coccidia  with  negative  results. 

Since  the  flock  of  normal  turkeys  was  protected  from  infestation 
with  Heterakis  papulosa  from  other  turkeys  and  chickens,  the  source 
of  this  parasite  becomes  a  question  for  consideration.  We  have  been 
fortunate  in  locating  at  least  one  of  the  sources  of  this  infection  in 
the  ring-necked  pheasant,  present  in  this  locality.  In  the  previous 
fall  a  pheasant  killed  on  a  neighboring  farm  harbored  specimens  of 
this  wonn.  Pheasants  have  been  observed  from  time  to  time  on  the 
Institute  farm  and  on  a  number  of  occasions  they  have  been  seen  in 
close  proximity  to  the  laboratory  and  in  the  paddock  in  which  this 
year's  flock  was  reared.  In  June  of  this  season  attendants  reported 
on  a  number  of  occasions  a  pair  of  pheasants  present  in  this  paddock. 
On  November  18,  a  pheasant  that  had  fallen  a  victim  to  hunters  was 
found  dead  in  the  paddock  and  at  autopsy  specimens  of  Heterakis 
papulosa  were  found  in  the  ceca.  Considering  the  resistant  character 
of  the  ova  of  this  parasite,  there  seems  little  question  that  this  bird, 
although  present  in  small  numbers,  is  capable  of  maintaining  a  certain 
degree  of  soil  infestation  with  this  parasite.  Fortunately,  this  does 
not  appear  to  be  sufficiently  concentrated  to  interfere  with  the 
successful  rearing  of  turkeys  when  the  soil  has  been  subjected  to 
ploughing  and  cultivation  incident  to  planting.  It  will,  however, 
be  a  safe  practice  to  discourage  the  visits  of  this  bird. 

Experiment  on  the  Persistence  of  the  Ova  of  Heterakis  in  the  Soil. 

An  enclosure  that  had  proved  infectious  to  turkeys  during  the 
season  of  1919^  remained  occupied  by  recovered  cases  until  January 
21,  1920,  at  which  time  it  became  vacant  and  remained  closed  until 
June  28,  a  period  of  a  little  over  5  months.  This  covered  a  time  of 
exceptionally  severe  winter  weather  with  much  ice  and  snow.  On 
the  latter  date,  four  healthy  turkeys,  29  days  old,  from  the  normal 
flock  referred  to  a])ove  were  placed  in  the  enclosure.  These  turkeys 
contracted  blackhead  in  11,  21,  23,  and  28  days  respectively.  Heter- 
akis was  present  in  all.     The  contents  of  both  ceca  were  washed  and 

'  Smith,  T.,  and  GraybiU,  H.  W.,  J.  Exp.  Med.,  1920,  xxxi,  633,  Experiment 
12,  i. 
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sedimented  in  the  case  of  three  of  the  birds.  In  one,  seven  worms 
were  collected,  and  in  the  remaining  two,  many  were  found.  Only 
one  cecum  of  the  fourth  bird  was  examined  and  twenty-seven  young 
Helerakis  were  collected. 

Although  the  enclosure  during  the  time  it  was  unoccupied  remained 
accessible  to  wild  birds  on  the  wing,  the  conditions  for  visits  of 
hosts  of  Helerakis  were  on  the  whole  unfavorable.  Circumstantial 
evidence  that  the  ova  in  the  soil  had  survived  and  had  not  been  intro- 
duced during  the  interval  is  furnished  by  the  fact  that  the  number  of 
worms  found  per  bird  corresponded  with  that  of  the  poults  permed 
with  the  old  flock  and  not  with  that  of  the  flock  on  new  ground, 
which  was  much  more  favorably  located  for  the  visits  of  birds. 

StTMMARY. 

In  a  flock  of  artificially  reared  turkeys  originally  consisting  of  85 
birds  and  reduced  during  the  summer  and  fall  by  deaths  and  with- 
drawals for  experimental  purposes  to  42  birds,  five  cases  of  blackhead 
occurred.  These  appeared  during  the  months  of  July,  September, 
and  October.  In  four,  Helerakis  was  searched  for  and  found.  In  38 
birds  from  this  flock  killed  for  food  during  November  and  December, 
five  harbored  no  Helerakis,  and  the  rest  carried  light  infestations. 

Of  sbcteen  healthy  birds  withdrawn  from  the  above  flock  during 
July  and  placed  with  a  flock  of  older  birds  which  had  passed 
through  this  disease  in  former  seasons,  all  contracted  blackhead  and 
fourteen  died  of  the  disease.  The  infestation  with  Helerakis  was,  as 
a  rule,  high,  reaching  a  hundred  specimens  in  some  cases.  In  general, 
it  appears  that  a  high  infestation  with  Helerakis  is  correlated  with  a 
high  incidence  of  blackhead,  a  relation  that  had  already  been  inferred 
in  feeding  experiments.  In  both  of  these  groups  no  other  species  of 
worm  was  found  in  the  ceca,  and  in  instances  in  which  examinations 
for  coccidia  were  made  none  was  found. 

Pheasants  have  been  incriminated  as  a  source  of  infestation  with 
Helerakis  papulosa  in  artificially  reared  flocks. 

In  an  artificially  reared  flock  38  birds  that  had  never  been  iU,  when 
kiUed  in  November  and  December,  failed  to  show  lesions  of  blackhead 
or  evidence  in  the  nature  of  scars  that  they  had  passed  through  an 
attack  of  the  disease. 
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Infectious  soil  that  had  remained  unoccupied  by  turkeys  and 
chickens  for  a  period  of  5  months  beginning  in  the  depth  of  a  severe 
winter  still  harbored  viable  ova  of  Hekrakis  and  proved  highly 
dangerous  to  young  poults. 

These  experiments  and  observations  fail  to  throw  any  light  on  the 
source  of  the  protozoan  parasite  {Amceha  meleagridis)  which  causes 
the  fatal  lesions  of  blackhead. 


A  USEFUL  HEART  METHOD. 

By  CECIL  K.  DRINKER,  M.D. 

{From  the  Laboratory  of  Applied  Physiology  of  Harvard  Medical  School,  Boston.) 

Plates  83  and  84. 
(Received  for  publication,  February  21,  1921.) 

In  order  to  accomplish  certain  experiments  upon  the  relation  of  the 
pulmonary  circulation  to  the  air  space  in  the  lungs,  it  became  neces- 
sary to  devise  a  method  in  which  the  heart  was  exposed  and  the 
breathing  normal.  The  procedure  described  below  fulfills  these 
requirements. 

Under  urethane  anesthesia  (2  gm.  per  kilo)  and  artificial  respiration, 
an  elHptical  section  is  cut  from  the  anterior  aspect  of  the  thorax  of 
a  cat.  This  piece  must  be  taken  out  neatly  and  should  leave  the 
uppermost  and  lowest  rib  attachments  to  the  sternum  and  sternal 
cartilage  intact.  The  heart  is  then  seen  beating  within  the  peri- 
cardium and  the  removed  section  of  chest  wall  should  be  but  slightly 
larger  than  the  heart  itself,  so  that  the  organ  is  framed  by  the  margin 
of  the  opening.  The  anterior  aspect  of  the  pericardium  is  now  slit 
exactly  in  the  midline,  and  the  edges  of  the  pericardial  opening 
attached  to  the  margin  of  the  thoracic  window  by  three  strong  sutures 
on  either  side  and  one  at  each  extremity.  Then,  by  use  of  a  long 
continuous  suture,  the  pericardium  is  sewed  to  the  margins  of  the 
window  and  is  thus  made  to  close  the  opening  completely.  It  will 
be  found  to  do  more  than  this;  that  is,  there  will  be  a  considerable 
amount  of  loose  pericardial  membrane  below  the  heart,  a  desirable 
situation  since  the  suturing  should  not  involve  serious  tension  at  any 
point. 

The  chest  wall,  which  has  been  closed  in  this  manner  anteriorly 
by  the  fibrous  pericardial  membrane,  is  now  stretched  laterally  by 
traction  on  the  stay  sutures  first  placed,  and  superiorly  and  inferiorly 
by  the  stay  sutures  at  the  ends  of  the  incision.  The  retraction  so 
accomplished  throws  the  heart  forward  where  it  may  be  handled  with 
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greater  readiness,  and  takes  up  the  pericardial  slack  so  that  a  reason- 
ably rigid  anterior  chest  wall  is  provided.  Fortunately,  the  vessels 
entering  the  heart  do  so  posteriorly,  and  lifting  the  heart  forward  in 
the  manner  described  does  not  seem  to  afTect  its  filling.  Before 
discontinuing  artificial  respiration  it  is  advantageous  to  withdraw 
air  from  the  thorax  with  a  syringe  in  order  to  assist  in  the  reestablish- 
ment  of  negative  intrathoracic  pressure. 

Fig.  1  shows  the  preparation  as  it  appears  when  finished.  Obvi- 
ously one  may  readily  adjust  a  cardiometer  in  such  a  heart  technique 
and  manipulate  the  cardiac  vessels,  etc.,  in  connection  with  procedures 
in  which  it  may  be  desirable  to  measure  normal  respiration  at  the 
same  time. 

Fig.  2  is  a  record  made  during  the  course  of  an  experiment  in  which 
a  urethanized  cat,  with  heart  exposed  in  the  manner  described, 
remained  in  good  physiological  condition  from  10.35  a.m.  to  3.20 
p.m.,  and  was  then  killed  with  chloroform.  The  lungs  were  not 
edematous  at  death  and  the  animal  would  apparently  have  done  well 
through  many  more  hours. 

In  this  tracing  it  is  noticeable  that  the  blood  pressure  never  reached 
so  high  a  level  after  as  before  operation,  and  this  has  invariably  been 
our  experience  in  using  the  method  described.  The  height  attained, 
however,  has  always  been  as  great  as  under  artificial  respiration,  and 
frequently  has  exceeded  that  level.  The  technique  has  been  employed 
in  the  cat  alone,  but  its  ease  of  accomplishment  in  this  animal  leaves 
little  doubt  of  its  usefulness  in  other  laboratory-  animals. 

EXPLANATION  OF  PLATES. 
Plate  83. 
Fig.  1.  Method  of  ejqjosing  the  heart  under  normal  breathing. 

Plate  84. 

Fig.  2.  Upper  tracing,  respiration;  inspiration  written  downward;  middle 
tracing,  arterial  blood  pressure;  lower  tracing,  signal  magnet  J  minute  intervals. 
Tracing  I,  normal  blood  pressure.  Tracing  II,  transition  from  artificial  respira- 
tion to  normal  respiration.  Tracing  III,  condition  at  11  a.m.  Tracing  IV, 
condition  at  12.35  p.m. 
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AN  IMPROVED  ANAEROBE  JAR. 
By  J.  HOWARD  BROWN,  Ph.D. 

{From  the  Department  of  Animal  Patlwlogy  of  The  Rockefeller  Institute  for  Medical 
Research,  Princeton,  N.  J.) 

(Received  for  publication,  February  23,  1921.) 

Laidlav/  (1)  introduced  the  use  of  platinized  carbon  as  a  catalyzer  for  the  com- 
bustion of  oxygen  and  hydrogen  to  produce  conditions  favorable  to  the  growth  of 
anaerobic  bacteria.  His  method  was  adapted  for  use  with  single  tube  cultures 
only.  Mcintosh  and  FUdes  (2,  3)  utUized  the  principle  for  the  growth  of  anaer- 
obes in  jars.  Their  catalyzer  consists  of  a  small  amount  of  platinized  or  palla- 
dinized  asbestos  wrapped  in  a  piece  of  wire  gauze  and  suspended  from  the  lid  of  the 
jar.  Hydrogen  is  introduced  into  the  jar  through  a  stop-cock  in  the  hd.  The 
method  of  Mcintosh  and  FUdes  was  modified  by  W.  G.  Smillie  (4)  who  enclosed 
the  platinized  asbestos  in  a  small  perforated  glass  bulb  attached  to  the  end  of  the 
tube  through  which  the  hydrogen  is  introduced  into  the  jar,  the  hydrogen  thus 
entering  the  jar  through  the  asbestos.  FUdes  (5)  has  published  a  verj'  useful 
review  of  these  and  other  methods  for  the  growth  of  anaerobic  bacteria. 

In  the  above  mentioned  methods  the  catalyzer  must  be  heated  in  a  flame,  the 
tube  or  jar  quickly  closed,  and  the  hydrogen  introduced  before  the  catalyzer  has 
cooled,  or  else  combustion  does  not  occur.  WTien  the  reaction  has  once  started, 
however,  the  heat  of  combustion  is  sufficient  to  carr>'  it  to  completion.  There 
may,  however,  remain  in  the  recesses  of  the  jar  or  tubes  or  within  the  media 
traces  of  oxj'gen  which  diffuse  out  into  the  jar  very  slowly  after  the  catalyzer 
has  cooled  and  combustion  has  ceased.  It  is  to  be  noted  that  SmUlie's  jar  pro- 
vided for  intimate  contact  of  the  hydrogen  but  not  of  the  o.xygen  with  the  cat- 
alyzer. He  may  have  experienced  some  difficulty  in  this  regard  for  in  describing 
another  form  of  apparatus  he  says:  "The  foUowing  method  was  devised  to  remove 
aU  the  o.xygen."  The  platinized  asbestos  was  wrapped  in  a  coil  of  fine  nichrome 
wire  the  ends  of  which  were  joined  to  larger  wires  which  passed  upward  through  a 
rubber  stopper.  Hydrogen  was  introduced  into  a  tube  of  inoculated  solid 
medium  and  the  rubber  stopper  inserted.  The  catalyzer  was  heated  by  passing 
an  electric  current  through  the  coil  surrounding  it.  SmiUie  points  out  that  the 
tube  may  be  set  aside  for  a  whUe  and  the  asbestos  reheated  to  ignite  any  residual 
oxygen.  Apparently  he  got  the  most  perfect  anaerobic  conditions  with  this  appa- 
ratus. He  did  not  utihze  an  electricaUy  heated  coil  in  jars  in  which  many  cul- 
tures could  be  enclosed,  probably  because  of  the  danger  of  explosion  when  larger 
volumes  of  hydrogen  and  oxygen  are  used. 
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Text-Fig.  1.  Showing  the  construction  of  the  catalyzer  coil.  A,  the  fine 
nichrome  wire  coiled  about  the  platinized  or  palladinized  asbestos.  Bi  and  B2, 
larger  copper  wires  joined  to  the  ends  of  the  nichrome  wire,  d  and  d,  rubber 
stoppers.  D,  the  core  of  glass  tubing.  £1  and  £2,  small  rubber  tubing  serving 
as  insulation. 

Text-Fig.  2.  Showing  the  coil  enclosed  by  fine  copper  wire  gauze  and  in 
position  beneath  the  lid  of  the  anaerobe  jar. 
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In  the  apparatus  to  be  described  the  danger  of  explosion  is  elimi- 
nated by  completely  enclosing  the  asbestos  and  coil  of  nichrome  wire 
in  a  copper  wire  screen  which  does  not  come  in  contact  with  the  coil 
or  asbestos  at  any  point.  This  introduces  the  principle  of  the  Davy 
safety  lamp.  The  apparatus  is  illustrated  in  Te.xt-figs.  - 1  and  2, 
and  is  made  as  follows : 

A  piece  of  fine  nichrome  wire  (B.  and  S.  gauge  No.  28)  (Text-fig. 
1,  .4)  is  joined  at  each  end  with  pieces  of  larger  copper  wire  (Bi  and 
^2).  One  of  the  copper  wires  (Bi)  is  inserted  through  a  No.  1  one- 
hole  rubber  stopper  (Ci)  and  beside  the  wire  is  inserted  also  the  end 
of  a  short  piece  of  small  glass  tubing  (D)  holding  the  wire  in  the 
position  shown  in  Text-fig.  1.  Some  palladinized  asbestos  is  spread 
out  onto  a  square  of  lens  paper.  This  is  then  wrapped  about  the 
center  of  the  glass  tube  and  held  in  place  by  coiling  the  nichrome 
wire  around  it.  The  other  copper  wire  (Bo)  is  then  passed  through 
another  rubber  stopper  (Co)  which  is  placed  over  the  other  end  of 
the  glass  tube.  Pieces  of  small  rubber  tubing  provide  insulation  for 
the  copper  wires  at  Ei  and  £2.  A  piece  of  fine  copper  wire  gauze  is 
rolled  around  the  entire  core  and  held  in  place  by  wires  twisted  about 
the  stoppers  at  each  end  of  the  gauze.  The  twisted  ends  of  these 
wires  serve  to  fasten  the  cell  to  the  lid  of  the  jar  as  shown  in  Text- 
fig.  2.  An  ordinary  round  museum  specimen  jar  is  used.  A  one-hole 
rubber  stopper  carrying  a  glass  stop-cock  is  inserted  into  a  hole 
bored  in  the  lid  of  the  jar.  The  two  copper  wires  coming  from  the 
coil  are  run  up  through  the  rubber  stopper  on  either  side  of  the  stop- 
cock. This  is  easily  done  by  sticking  a  large  hypodermic  needle 
down  through  the  stopper,  running  the  copper  wire  up  through  the 
bore  of  the  needle  and  then  withdrawing  the  needle,  leaving  the 
wire  in  place.  In  time  leaks  are  likely  to  appear  around  the  stopper, 
the  wires,  or  the  stop-cock,  so  that  cement  or  sealing  wax  should  be 
placed  over  and  around  the  rubber  stopper.  From  the  lower  end  of 
the  stop-cock  a  rubber  tube  leads  to  the  bottom  of  the  jar  to  insure 
a  good  mixture  of  the  oxygen  with  the  hydrogen  entering  the  jar. 

In  use,  the  lid  is  clamped  down  onto  the  jar  of  cultures  over  a 
gasket  of  "plasticine"  modehng  clay.  An  electric  current  is  con- 
nected with  the  two  protruding  copper  wires  and  hydrogen  is  run 
into  the  jar  through  the  stop-cock  under  pressure  of  about  5  pounds. 
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Combustion  is  soon  manifested  by  the  collection  of  moisture  inside 
the  jar  and  by  the  lid  becoming  quite  warm.  This  is  allowed  to 
continue  until  the  flow  of  hydrogen  ceases,  as  may  be  detected  by 
observing  no  more  bubbles  in  the  wash  bottles  of  the  hydrogen 
apparatus.  20  or  30  minutes  are  usually  sufficient,  after  which  the 
stop-cock  is  closed,  the  electric  current  disconnected,  and  the  jar 
incubated.  At  any  time  during  incubation  the  electric  current  may 
again  be  passed  through  the  coil  to  consmne  any  residual  o.xj'gen. 
Sufficient  hydrogen  for  this  purpose  will  remain  in  the  jar.  A  tube 
of  gelatin  tinted  with  methylene  blue  and  decolorized  in  boiling  water 
just  before  being  sealed  within  the  jar  serves  as  an  indicator  of  the 
presence  or  absence  of  oxygen. 

An  electric  light  current  of  110  volts  reduced  by  passage  through 
a  60  watt  Mazda  lamp  has  been  used  for  heating  the  coil.  Very  little 
hydrogen  is  required  since  none  is  passed  into  and  out  of  the  jar  as 
is  the  case  with  the  Novy  jar. 

A  number  of  coils  and  jars  as  described  have  been  in  use  for  several 
months.  There  have  been  no  accidents  due  to  explosion  such  as  have 
been  known  to  occur  with  other  jars  employing  the  combustion 
principle.  Whenever  perfect  anaerobic  conditions  have  not  been 
attained  the  failure  has  been  due  to  small  leaks  in  the  stopper  or 
stop-cock.  The  coils  have  shown  no  deterioration  with  use  or  age. 
The  bit  of  lens  paper  used  to  hold  the  asbestos  in  place  when  the 
nichrome  wire  is  being  coiled  about  it  is  burned  off  with  the  first 
passage  of  the  electric  current.  Similar  cells  in  which  the  hydrogen 
was  introduced  through  the  asbestos  into  the  cell  were  made  but  found 
to  possess  no  advantage  over  the  one  described. 

SUMMAIiY. 

There  has  been  described  a  modification  of  the  anaerobe  jars  of 
Mcintosh  and  Fildes  and  of  SmUlie  in  which  the  oxj-gen  is  consumed 
by  combustion  with  hydrogen  under  the  catalytic  action  of  platinized 
or  palladinized  asbestos. 

The  special  advantages  of  the  apparatus  described  reside  in  its 
greater  safety  and  in  the  fact  that  the  catalyzer  is  heated  electrically 
after  the  jar  is  closed  and  may  be  reheated  at  any  time  during  incuba- 
tion without  opening  the  jar. 
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ETIOLOGY  OF  YELLOW  FEVER. 

XIIL     Behavior  of  the  Heart  m  the  Experimental  infec- 
tion OF  Guinea  Pigs  and  Monkeys  with  Leptospira 

ICTEROIDES  AND  LEPTOSPIRA  ICTEROILEMORRHAGLE. 
By  ALFRED  E.  COHN,  M.D.,  and  HIDEYO  NOGUCHI,  M.D. 

(From  the  Hospital  and  Laboratories  of  The  Rockefeller  Institute  for  Medical 

Research.) 

Plates  85  and  86. 
(Received  for  pubKcation,  March  9,  1921.) 

It  is  well  known  that  in  patients  suffering  from  yellow  fever  the 
rate  of  the  heart  has  a  tendency  to  be  slow.  This  phenomenon  wad 
regarded  by  Faget,'  who  was  among  the  first  to  call  attention  to 
it,  and  by  Touatre^  as  pathognomonic  in  this  disease,  especially  in  its 
early  stage.  In  the  second  stage,  the  rate  falls  still  further.  It  may 
be  as  low  as  30  or  40  per  minute,  and  may  continue  slow  during 
convalescence.  In  fatal  cases  in  the  final  stage  it  may  be  either  rapid 
or  slow.  In  the  curves  of  patients  published  by  Noguchi'  and  by 
Elliott,*  these  relations  are  seen.  Sarti^  gives,  however,  high  rates 
for  ten  of  the  eleven  cases  he  reports.  It  is  said  that  death  is  seldom 
due  to  heart  failure.  At  autopsy,  lesions  of  the  heart  are  not  con- 
stantly foimd,  except  perhaps  the  degenerative  changes  and  frequent 

'  Faget,  J.  C,  Monograpliie  sur  le  type  et  la  specificite  de  la  fievre  jaune  etablie 
avec  I'aide  de  la  montre  et  du  thermometre,  Paris,  1875. 

^Touatre,  J.,  Yellow  fever;  clinical  notes,  translated  by  Chassaignac,  C, 
New  Orleans,  1898. 

'  Noguchi,  H.,  Etiology  of  yeUow  fever.  I.  Symptomatology  and  pathological 
findings  of  the  yellow  fever  prevalent  in  Guayaquil,  J.  Exp.  Med.,  1919,  xxix,  547. 

■'  Elliott,  C.  A.,  A  clinical  study  of  yellow  fever.  Observations  made  in  Guaya- 
quil, Ecuador,  in  1918,  Arch.  Int.  Med.,  1920,  xxv,  174. 

'  Sarti,  J.,  Contribucion  al  estudio  de  la  fiebre  amarilla,  Tesis,  Guatemala, 
1919. 
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endocardiac  or  pericardiac  ecchymoses  associated  with  fever.  Recent 
studies  on  infectious  jaundice"  indicate,  however,  that  in  that  disease 
also  the  pulse  rate  is  usually  slow  in  proportion  to  the  temperature; 
one  case  is  reported  in  which  the  pulse  fell  as  low  as  38.  This  holds 
true  even  in  cases  without  jaundice. 
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Text-Fig.  1.  Temperature  and  heart  rate  curves  of  Guinea  Pig  3,  inoculated 
with  Leptospira  ickroides. 

Since  the  successful  transmission  of  yellow  fever  to  animals,  obser- 
vations have  been  made  of  the  rate  and  of  the  beha\-ior  of  the  heart 
in  animals  experimentally  infected  with  Leptospira  icteroides  from 
yellow   fever   cases.     Records  were   taken  electrocardiographically. 

^Stokes,  A.,  Ryle,  J.  A.,  and  Tytler,  W.  H.,  Weil's  disease  (spirochaetosis 
ictero-haemorrhagica)  in  the  British  Army  in  Flanders,  Lancet,  1917,  i,  142. 
Ryle,  J.  A.,  Spirochaetosis  icterohaemorrhagica  (formerly  known  as  Weil's  disease). 
A  clinical  analysis  of  fifty-five  cases.  Quart.  J.  Med.,  1921,  xiv,  139. 
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By  this  method  the  rate  can  be  accurately  counted  and  the  mechan- 
ism of  slowing,  if  it  occurs,  can  be  analyzed.  For  comparison  with 
the  animals  inoculated  with  Leptospira  icteroides  (yellow  fever)  a 
certain  number  of  others  infected  with  Leptospira  icterohcEmorrhagia 
(infectious  jaundice)  were  included  in  the  study. 

Electrocardiograms  were  taken  either  for  1,  3,  or  4  days  before  the 
day  of  inoculation.     Exception  to  this  procedure  occurred  in  Guinea 
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Text-Fig.  2.  Temperature  and  heart  rate  curves  of  Guinea  Pig  12,  inoculated 
with  Leptospira  icterohcBmorrhagite. 

Pigs  4  and  6  and  Monkey  3.  The  cardiac  rate  before  inoculation  of 
the  guinea  pigs  was  below  300  per  minute  three  times  in  Guinea  Pig  1, 
twice  in  Guinea  Pig  2,  and  once  in  Guinea  Pig  10.  In  the  other  nine 
guinea  pigs  it  was  always  above  300,  the  range  being  from  302  to  371. 
In  the  monkeys  the  rate  was  above  400,  except  once  in  Monkey  2, 
and  once  in  Monkey  5.  The  rate  otherwise  was  above  400,  the  range 
being  from  401  to  442. 
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In  eleven  animals  there  occurred  a  fairly  consistent  fall  in  rate 
either  immediately  after  inoculation  (Guinea  Pigs  3,  7,  and  9  and 
Monkey  2)  (Text-fig.  1)  or  after  a  delay  (Guinea  Pigs  2,  4,  5,  8,  and 
12  and  Monkeys  3  and  4)  (Text-fig.  2).  In  several  instances  (Guinea 
Pigs  2,  4,  7,  and  9)  a  rise  occurred  in  the  course  of  the  disease.  In 
each  instance,  however,  there  was  a  striking  fall  on  the  day  of  death, 
or  during  the  days  immediately  preceding  death.     Guinea  Pig  2 
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Text-Fig.  3.  Temperature  and  heart  rate  curves  of  Guinea  Pig  1,  inoculated 
with  Leptospira  icteroides  but  with  negative  results. 

appears  to  be  an  exception,  but  this  is  one  of  the  animals  in  which 
low  initial  rates  were  recorded.  The  animals  inoculated  with  Lepto- 
spira icteroides  reacted,  then,  with  a  fall  "in  rate.  Those  inoculated 
with  Leptospira  itterohcBmorrhagice  behaved  in  a  similar  manner 
(Table  I). 

In  Guinea  Pigs  1  (Text-fig.  3)  and  6  the  rates  before  inoculation 
were  low,  rose  abruptly  to  high  levels  after  inoculation,  and  then 
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fell.  Guinea  Pig  1  was  inoculated  with  Leptospira  icteroides,  but 
died  of  a  complicating  peritonitis.  Guinea  Pig  6  ran  an  atypical 
course  and  died  perhaps  of  a  secondary  infection. 

This  account  leaves  for  consideration  four  animals,  Monkeys  1  and 
5  and  Guinea  Pigs  10  (Text-fig.  4)  and  11.  The  monkeys  did  not 
develop  disease  of  a  nature  that  could  be  regarded  as  characteristic 
and   are   therefore  offered   as  controls.     They  showed  no   striking 
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Text-Fig.  4.  Temperature  and  heart  rate  curves  of  Guinea  Pig  10,  inoculated 
with  Leptospira  iclerohcBmorrhagia:  but  with  negative  results. 

change  in  rate.  Like  observations  are  afforded  by  Guinea  Pigs  10 
and  11.  They  were  killed  after  14  days.  The  course  of  the  disease 
in  them  was  mild  and  the  lesions  were  atypical.  They  are,  therefore, 
also  to  be  regarded  as  controls. 

Mechanism  of  the  Heart  Beat. — During  the  control  period  preceding 
inoculation  in  the  iclerohcemorrhagice  group,  a  single  animal,  Guinea 
Pig  12,  showed  an  irregularity  of  the  cardiac  mechanism  on  one 
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occasion.  During  the  14  days  following,  with  two  exceptions,  curves 
were  taken  daily.  A  recurrence  of  the  arrythmia  was  not  seen. 
During  the  course  of  the  disease  nothing  remarkable  in  the  behavior 
of  the  heart  was  recorded,  although  curves  of  the  animals  in  this 
group  which  died  were  taken  on  the  day  of  death  (Guinea  Pig  12 
and  Monkey  5)  and  on  the  day  preceding  (Monkey  4). 

Of  the  yellow  fever  group,  no  irregularity  was  seen  in  any  animal  in 
the  period  preceding  inoculation.  A  single  guinea  pig,  No.  7,  on 
the  2nd  day  afterward,  showed  an  arrythmia  (premature  ventricular 
contractions).  It  died  5  days  later  but  the  irregularity  did  not 
recur.  In  four  other  animals,  irregularities  took  place  (Guinea 
Pigs  3  and  4  and  Monkeys  2  and  3),  but  in  two  of  them  (Guinea  Pigs 
3  and  4)  they  occurred  on  the  day  of  death,  indeed  during  the 
terminal  period.  At  this  period  Guinea  Pig  3  showed  heart  block 
(Fig.  1).  Monkey  2  (Fig.  2)  began  to  show  changes  in  the  electro- 
cardiogram on  the  day  before  death.  The  alterations  are  not  different 
from  those  which  have  been  described  in  connection  with  the  death 
of  the  heart  in  other  diseases.  There  was  slowing  of  the  auricles  and 
the  whole  heart,  and  increase  in  the  length  of  the  auriculoventricular 
interval  in  Guinea  Pig  3  and  Monkey  2  (Fig.  2)  and  lengthened 
conduction  time  leading  to  block  in  Guinea  Pig  3.  In  only  two  of 
the  animals,  Monkeys  2  and  3  (Fig.  3),  did  changes  occur  before  the 
day  of  death.  In  both  the  change  was  detectable  2  days  before  death. 
Both  showed  slowing  of  the  rate  and  alteration  in  the  form  of  the  ven- 
tricular complex  in  the  electrocardiogram.  An  S  wave  not  previously 
present  appeared,  and  the  T  wave  increased  in  size  (Fig.  2). 

It  may  be  said,  then,  that  the  mechanism  of  slowing  in  aU  cases 
imtil  the  day  of  death  was  of  a  simple  variety — a  slowing  of  the  whole 
heart,  depending  on  the  sinus,  the  pacemaker  of  the  heart.  On  the 
day  of  death,  although  increased  length  of  the  auriculoventricular 
interval  occurred,  it  led  to  heart  block  only  once.  Changes  in  the 
form  of  the  electrocardiogram  were  seen  twice  (Monkeys  2  and  3, 
Fig.  3)  in  the  course  of  the  disease  2  days  before  death.  In  curves 
that  were  obtained  during  death  of  the  heart  changes  were  seen 
which  resemble  those  usually  found  at  this  time. 
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CONCLUSIONS. 

1.  Slowing  of  the  heart  occurred  in  monkeys  and  guinea  pigs  during 
the  febrile  period  of  the  experimental  infection  due  to  Leptospira 
icteroides.  A  similar  reaction  took  place  in  animals  inoculated  with 
Leptospira  iclcrohcemorrhagice. 

2.  The  mechanism  of  slowing  was  usually  due  to  slowing  of  the 
whole  heart. 

3.  Once  incomplete  heart  block  was  seen.  Changes  in  the  ventric- 
ular complex  occurred  four  times. 

EXPLANATION  OF  PLATES. 

In  the  curves  divisions  of  the  abscissae  equal  0.04  second,  divisions  of  the 
ordinates  0.1  millivolt.  The  electrodes  were  placed  on  the  right  fore  and  the 
left  hind  legs. 

Plate  85. 

Fig.  1,  a  and  b.  Guinea  Pig  3.  (a)  February  4,  1919.  Control  curve.  (6) 
February  15.  Auriculoventricular  dissociation  and  a  marked  change  in  the 
ventricular  complex  are  seen. 

Fig.  2,  a  and  b.  Monkey  2.  (a)  April  21, 1919.  Control  curve,  (b)  April  30. 
Slowing,  increase  in  height  of  R,  S,  and  T  waves,  and  increased  auriculoven- 
tricular interval  are  seen. 

Plate  86. 

Fig.  3,  a  to  g.  Monkey  3.  (a)  April  7,  1919.  Control  curve,  (b)  April  13. 
Day  before  death.  S  wave  is  increased,  (c)  April  14.  Day  of  death.  The  R, 
S,  and  T  waves  are  increased.  The  auriculoventricular  interval  is  lengthened. 
{d,  e,  f,  g)  show  increasing  alteration  in  both  auricular  and  ventricular  parts  of 
the  curve.     The  ventricular  alterations  resemble  those  seen  in  dying  hearts. 
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CHEMOTHERAPEUTIC  STUDIES  WITH  ETHYLHYDRO- 

CUPREINE  HYDROCHLORIDE  IN  EXPERIMENTAL 

PNEUMOCOCCUS  PLEURITIS. 
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In  previous  experiments  Kolmer  and  Idzumi  (1)  found  that  the 
sub  thecal  injection  of  single  doses  of  ethyUiydrocupreine  hydrochlo- 
ride in  amounts  of  0.0005  gm.  per  kilo  of  weight  had  a  distinctly  bene- 
ficial efJect  on  the  course  of  acute  suppurative  meningitis  in  rabbits 
produced  by  Type  I  pneumococci  of  moderate  virulence,  when  admin- 
istered not  later  than  4  to  6  hours  after  infection;  when  given  24  hours 
or  longer  after  the  pneumococci,  this  effect  was  not  apparent.  In 
experiments  consisting  in  the  repeated  subthecal  injection  of  smaller 
doses  of  pneumococci  followed  in  a  few  hours  by  ethyUiydrocupreine, 
the  protective  and  curative  effects  of  the  drug  were  more  apparent. 

Unquestionably,  ethyUiydrocupreine  (optochin)  hydrochloride 
shows  marked  pneumococcidal  activity  in  vitro  in  menstrua  of  saline 
solution  and  in  the  presence  of  large  amounts  of  protein,  also  some 
protective  and  curative  properties  in  experimental  pneumococcus  bac- 
teremias in  mice.  However,  the  drug  is  too  toxic  to  pemiit  the 
administration  of  sufficient  amounts  to  individuals  to  influence  materi- 
ally the  severity  and  mortality  of  lobar  pneumonia,  but  experiments 
on  pneumococcus  meningitis  have  indicated  that  it  may  be  possible 
to  inject  enough  ethylhydrocupreine  into  closed  sacs  to  raise  the 
pneumococcidal  activity  of  the  exudates  without  danger  of  irritation 
of  the  serous  membranes  or  the  absorption  of  toxic  amounts. 

These  results  suggested  similar  experiments  on  acute  suppurative 
pneumococcus  pleuritis  induced  in  guinea  pigs  and  dogs  as  having  a 
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possible  value  in  the  treatment  of  pneumococcus  pleuritis  with  empy- 
ema developing  during  croupous  pneumonia. 

The  purposes  of  the  experiments  were  as  follows :  (1)  to  determine 
the  pneumococcidal  activity  of  ethylhydrocupreine  hydrochloride  in 
pleural  pus;  (2)  to  determine  the  toxic  effects  of  ethylhydrocupreine 
injected  into  the  pleural  sacs;  (3)  to  produce  experimentally  suppura- 
tive pneumococcus  pleuritis;  and  (4)  to  determine  the  curative  effects 
of  ethylhydrocupreine  in  experimental  suppurative  pneumococcus 
pleuritis. 

Pneumococcidal  Activity  of  Ethylhydrocupreine  in  Pleural  Pus. 

Numerous  experiments  by  Morgenroth  and  Levy  (2),  Moore  (3), 
Solis-Cohen,   Kolmer,  Heist,   and  Steinfield   (4),   and  others  have 

TABLE   I. 
Bactericidal  Effect  of  Ethylhydrocupreine  on  Type  I  Pneumococci  in  Pleural  Pus. 


1  cc.  of  ethylhydro- 

Pus. 

Final  dilution. 

Results  of  subcultures  after  exposure  at  3TC. 

cupreine. 

5  min. 

30  min. 

60  min. 

120  min. 

100 

cc. 

^ 

200 

_* 

_ 

500 

1,000 

+ 

— 

— 

— 

1,000 

2,000 

+ 

— 

— 

— 

2,000 

4,000 

+ 

-1- 

+ 

+ 

3,000 

6,000 

+ 

+ 

4- 

+ 

Saline  control. 

+ 

-1- 

-f 

+ 

*  —  indicates  that  subcultures  were  sterile;  +  indicates  living  pneumococci. 

attested  to  the  high  bacteriostatic  and  bactericidal  activity  of  ethyl- 
hydrocupreine for  pneumococci  in  vitro  in  menstrua  of  saline  solution 
and  of  serum.  Germicidal  tests  in  vitro  by  Kolmer  and  Idzumi  (1) 
with  purulent  spinal  fluids  containing  virulent  Type  I  and  Type  II 
pneimiococci  showed  ethylhydrocupreine  to  be  bactericidal  in  a  final 
dilution  as  high  as  1:4,000  when  equal  parts  of  spinal  fluid  and  drug 
solution  were  brought  together  for  1  hour  at  37°C. 

In  the  present  study  similar  experiments  in  vitro  with  thick  creamy 
pleural  pus  obtained  from  a  patient  and  containing  Type  I  pneumo- 
cocci showed  that  with  equal  parts  of  pus  and  1:1,000  solution  of 
ethylhydrocupreine  in  saline  solution  complete  sterilization  occurs 
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after  about  30  minutes  in  a  water  bath  at  37°C.  (Table  I).  Films  of 
this  pus  showed  the  presence  of  enormous  numbers  of  pneumococci, 
most  of  which  were  extracellular. 

Portions  of  the  same  pus  were  heavily  inoculated  with  a  laboratory- 
culture  of  Staphylococcus  aureus  and  the  bactericidal  tests  were 
repeated;  mixtures  of  equal  parts  of  pus  and  1:100  solution  of  ethyl- 
hydrocupreine  (final  dilution  1:200)  showed  no  appreciable  diminu- 
tion of  the  staphylococci  after  exposures  as  long  as  2  hours,  although 
the  pneumococci  were  destroyed.  Numerous  experiments  of  this 
kind  by  the  investigators  previously  mentioned  have  shown  the  high 
selective  bactericidal  activity  of  ethylhydrocupreine  for  pneumococci. 

TABLE  n. 

Toxicity  of  Ethylhydrocupreine  Hydrochloride  Injected  Intrapleurally  in  Guinea 

Pigs. 


Weight  of 

guinea 

pig. 

Amount  of 
1:100  solu- 
tion per  100 
gm. 

Amount  of 
1:100  solu- 
tion injected. 

Amount 
of  drug 
per  Itilo. 

Amount  of 
1:100  solu- 
tion injected 
per  kilo. 

Result. 

gm. 

cc. 

u. 

gm. 

cc. 

360 

1.0 

3.6 

0.100 

10.0 

Convulsions;  died  in  2J  min. 

400 

0.5 

2.0 

0.050 

5.0 

((                  tc     u   ^        u 

420 

0.5 

2.1 

0.050 

5.0 

"   "  few  " 

460 

0.3 

1.38 

0.030 

3.0 

H                           tl       ii       11          l( 

400 

0.3 

1.2 

0.030 

3.0 

tl                  it     It     ic      cc 

540 

0.2 

1.08 

0.020 

2.0 

Nervous;  coughing;  lived. 

400 

0.2 

0.8 

0.020 

2.0 

Coughing;  lived. 

560 

0.1 

0.56 

0.010 

1.0 

No  symptoms;  lived. 

400 

1.0 

(water). 

Control. 

None. 

10.0 

(water). 

Slight  cough;         " 

Toxicity  of  Ethylhydrocupreine  Injected  into  the  Pleural  Sacs. 

Table  II  shows  the  results  observed  in  an  experiment  consisting  in 
the  intrapleural  injection  of  a  1:100  solution  of  ethylhydrocupreine 
into  the  pleural  cavities  of  guinea  pigs  weighing  from  350  to  400 gm.' 
The  drug  proved  sUghtly  more  toxic  when  injected  intrapleurally 
than  when  injected  intravenously;  this  study  has  been  extended  with 
the  use  of  other  drugs  and  animals  (5)  with  similar  results. 

'  All  injections  were  done  under  local  anesthesia. 
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In  each  experiment  the  solutions  were  warmed  and  slowly  injected; 
these  are  factors  of  importance  in  relation  to  toxicity.  As  shown  in 
Table  II  the  highest  tolerated  dose  of  ethylhydrocupreine  hydro- 
chloride for  guinea  pigs  by  the  intrapleural  route  is  between  0.2  and 
0.3  cc.  of  a  1 :  100  solution  per  100  gm.  of  weight,  which  is  equivalent 
to  2  to  3  cc.  or  0.02  to  0.03  gm.  of  the  drug  per  kilo  of  body  weight. 
In  experiments  on  acute  pleuritis  0.5  to  1  cc.  of  a  1:500  solution  was 
injected  into  each  pleural  cavity  of  guinea  pigs  weighing  from  350 
to  500  gm.  These  amounts  were  two  and  a  half  to  five  times  less 
than  the  toxic  doses  and  produced  no  gross  or  histological  evidences 
of  irritation  of  the  pleura  as  determined  by  necropsies  and  histological 
studies  at  varying  intervals  after  the  intrapleural  injections  (Fig.  1). 

The  slow  injection  of  as  much  as  15  cc.  per  kilo  of  weight  of  a  warm 
1 :  500  solution  of  ethylhydrocupreine  into  the  right  pleural  cavity  of 
a  normal  dog  produces  no  immediate  symptoms,  except  possibly  a 
few  short  coughs;  this  dose  has  produced  no  discernible  evidences  of 
toxicity.  When  examined  at  necropsy  24  to  72  hours  after  injection 
a  small  amount  of  fluid  is  found  in  the  pleural  cavity  accompanied 
by  sHght  hyperemic  changes  in  the  lung  but  no  other  gross  changes. 
Histological  examination  usually  reveals  hyperemia  of  the  lung  with 
slight  hyperemia  and  leucocytic  infiltration  of  the  pleura  (Fig.  2). 
This  amount  of  solution  introduces  as  much  as  0.030  gm.  of  the  drug, 
corresponding  to  900  cc,  or  1.8  gm.,  per  60  kilos  of  weight  and  repre- 
senting an  amount  near  the  highest  tolerated  dose. 

In  as  far  as  volume  of  fluid  injected  into  a  pleural  cavity  is  con- 
cerned, it  would  appear  that  guinea  pigs  and  dogs  show  no  immediate 
effects,  except  a  few  short  coughs,  or  remote  effects  from  the  slow 
injection  of  as  much  as  5  to  10  cc.  of  warm  sterile  water  or  saline 
solution  per  kilo  of  weight ;  these  amounts  correspond  to  300  to  600 
cc.  per  60  kilos,  or  the  weight  of  a  young  adult  person. 

Experimental  Pneumococcus  Pleuritis. 

Experiments  were  conducted  with  a  T^-pe  I  pneumococcus  from  the 
sputum  of  a  case  of  croupous  pneumonia  of  such  virulence  that 
0.000001  cc.  of  a  24  hour  dextrose  blood  broth  culture  was  usually 
fatal  for  a  white  mouse  about  36  hours  after  intraperitoneal  injection. 
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For  the  purpose  of  producing  experunental  pleuritis,  guinea  pigs  and 
dogs  were  chosen  because  of  their  higher  natural  immunity  to  the 
pneumococcus.  Rabbits  were  Hable  to  succumb  with  pneimiococcus 
bacteremia  after  the  intrapleural  injection  of  amounts  of  pneumo- 
coccus culture  too  small  for  the  production  of  well  defined  and  exten- 
sive suppurative  pleuritis.  The  majority  of  the  experiments  were 
conducted  with  guinea  pigs. 

Pleuritis  in  Guinea  Pigs. — The  intrapleural  injection  of  guinea  pigs 
with  0.5  cc.  of  24  hour  dextrose  broth  cultures  of  this  strain  usually 
killed  in  about  50  hours  with  extensive  suppurative  changes  in  both 
pleural  sacs  and  the  pericardium  (Table  III).     The  injections  were 


TABLE  in. 

Production  of  Pleuritis  in  Guinea  Pigs  by  tite  Intrapleural  Injection  of  24  Hour 
Dextrose  Broth  Cultures  of  Virulent  Type  I  Pneumococci. 


Weight 

guinea 
pig. 

Amount  of 
culture. 

Duration 
of  liie. 

Cul- 
tures of 
heart. 

Result. 

em- 

cc. 

hrs. 

410 

0.5 

SO 

+* 

BUateral  suppurative  pleuritis  and  pericarditis. 

300 

1.0 

65 

+ 

li                           U                               tl              It                        u 

380 

1.0 

24 

+ 

(t                           ti                               ti              iC                        tt 

360 

1.0 

48 

+ 

11                         it                            11             ic                      tc 

380 

2.0 

50 

-f- 

tt                     tt                       tt          tt                  tt 

430 

2.0 
(broth 
con- 
trol). 

Lived. 

0 

Necropsy  not  performed. 

*  +  indicates  pneumococci  in  films  or  cultures  of  blood  or  both;  0,  not  done. 

made  with  aseptic  technique  in  the  anterior  axillary  line  on  the  right 
side  in  the  neighborhood  of  the  sixth  or  seventh  interspace,  all  injec- 
tions being  slowly  given. 

Necropsies  usually  disclosed  pneumococci  in  the  heart's  blood  and 
extensive  suppurative  changes  in  the  pleurse  which  were  most  marked 
on  the  right  side  but  also  involved  the  pleura  on  the  left  side  and  the 
external  portions  of  the  pericardium  (Fig.  3).  Each  pleural  sac  usu- 
ally showed  the  presence  of  a  plastic  exudate  of  a  greenish  yellow 
color;  films  showed  large  numbers  of  polymorphonuclear  pus  cells 
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and  very  large  numbers  of  extracellular  diplococci  (Fig.  4).  Sections 
of  the  visceral  and  parietal  portions  of  the  pleura  showed  the  histo- 
logical changes  of  acute  suppurative  pleuritis,with  very  large  numbers 
of  polymorphonuclear  leucocytes  and  fibrin  deposits  (Figs.  5  to  9). 
As  a  rule,  sections  of  the  visceral  portions  of  the  pleura  showed  more 
extensive  changes  than  sections  of  the  parietal  portions.  Animals 
which  survived  for  5  days  or  were  permitted  to  live  for  longer  periods 
of  time  showed  evidences  of  beginning  organization  of  the  inflamma- 
tory exudate  (Fig.  7)  or  well  marked  fibrous  tissue  thickening  of 
the  visceral  and  parietal  layers  of  the  pleura,  particularly  of  the  for- 
mer (Fig.  10). 

Generally  the  lungs  on  both  sides  showed  inflammatory  changes. 
At  necropsy  portions  were  usually  dark  red  in  color  and  failed  to  col- 
lapse. Sections  of  these  areas  showed  intense  hyperemia  and  serous 
exudation  (Figs.  11  and  12);  occasionally  the  alveoli  contained  numer- 
ous polymorphonuclear  leucocytes  and  alveolar  epithelium.  These 
changes  were  most  marked  just  beneath  the  visceral  pleura  and  in 
the  areas  of  both  lungs  which  showed  the  maximum  macroscopic 
changes.  Not  infrequently  the  pleuritis  was  most  severe  over  the 
anterior  portions  of  both  lungs  and  pericardium  and  at  the  bases  of 
the  lungs  in  proximity  to  the  diaphragm. 

Controls  injected  intrapleurally  with  relatively  large  amounts  (up 
to  20  cc.  per  kilo)  of  sterile  0.1  per  cent  dextrose  blood  broth  lived 
indefinitely.  Necropsies  performed  at  intervals  never  showed  sup- 
purative changes;  at  most  small  amounts  of  blood-stained  serous  fluid 
were  found  on  the  injected  side  after  24  hours.  Animals  necropsied 
several  days  after  injection  showed  normal  sacs,  except  occasionally 
for  a  few  fiine  adhesions  between  the  visceral  and  parietal  portions 
of  the  pleura  in  the  immediate  neighborhood  of  the  sites  of  injection. 
Since  the  broth  produced  at  most  a  verj-'  slight  localized  pleuritis,  we 
used  24  hour  broth  cultures  of  the  pneumococcus  instead  of  cocci 
grown  on  solid  media  or  obtained  by  centrifugation  of  broth  cultures 
and  suspension  in  saline  solution.  The  slight  pyogenic  actixaty  of 
the  broth  alone  was  considered  an  aid  in  the  production  of  a  severe 
form  of  suppurative  pleuritis. 

Pleuritis  in  Dogs. — With  dogs  weighing  about  5  kilos  acute  pleuritis 
terminating  fatally  in  about  3  days  was  produced  by  injecting  15  cc. 
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of  a  24  hour  broth  culture  reinforced  by  washing  into  the  broth  the 
cocci  from  ten  slants  of  24  hour  growths  on  blood  agar  in  tubes  of  the 
usual  size.  Within  24  hours  the  animals  were  sick  with  increased 
rectal  temperatures  and  leucocytosis.  Necropsies  on  or  about  the 
3rd  day  after  injection  showed  large  amounts  of  thin  bloody  exudate 
(210  cc.  in  one  instance)  which  deposited  a  heavy  creamy  layer  of  pus 
upon  standing.  Fihns  of  this  exudate  showed  polymorphonuclear 
leucocytes,  erythrocytes,  and  large  numbers  of  extracellular  pneumo- 
cocci.  Cultures  of  the  blood  from  the  heart  usually  showed  the  pres- 
ence of  pneumococci.  The  pleuritis  was  generally  much  milder  than 
that  observed  in  guinea  pigs;  the  pleural  surfaces  were  dull  red  and 
covered  with  flecks  of  fibrinous  ex-udate  but  were  generally  free  of  the 
massive  exudates  developing  among  guinea  pigs.  Furthermore,  there 
was  usually  no  involvement  of  the  pleura  on  the  opposite  side  or  of 
the  pericardium,  except  the  portion  in  direct  relation  with  the  pleura 
on  the  right  side. 

Sections  of  the  pleura  and  lung  showed  acute  pleuritis  with  well 
marked  pulmonary  congestion  and  edema  (Fig.  11)  and  infiltration 
of  the  pleura  with  polymorphonuclear  leucocytes. 

Influence  oj  Intrapleural  Injeclions  oj  Ethylhydrocupreine  upon  Pneu- 

mococcus  Pleuritis. 

Treatment  with  Single  Doses  of  Ethylhydrocupreine  Injected  into  the 
Right  Pleural  Sac. — In  these  experiments  guinea  pigs  weighing  from 
350  to  500  gm.  were  employed.  Each  animal  was  infected  by  inject- 
ing 1  cc.  of  a  24  hour  dextrose  broth  culture  into  the  right  pleural 
sac.  The  ethylhydrocupreine^  was  prepared  in  a  1 :  500  dilution  in 
sterile  saline  solution  and  used  in  a  dose  of  1  cc.  for  guinea  pigs  of  the 
weight  given  above.  This  dose  is  approximately  2.5  cc.  of  the  solu- 
tion, or  0.005  gm.  of  the  drug,  per  kilo  of  weight.  The  ethylhydro- 
cupreine was  warmed  to  37°C.  and  slowly  injected  once  into  the  right 
pleural  sac  immediately  after  inoculation  and  at  intervals  varying 
from  4  to  48  hours  after  infection.  Controls  with  culture  alone  and 
drug  alone  were  included  in  each  experiment.  Necropsies  were 
conducted  aseptically  for  the  purpose  of  securing  films  and  cultures  of 
the  heart's  blood  and  exudates;  sections  of  the  visceral  and  parietal 
pleurae  and  lungs  of  each  animal  were  prepared. 

^  Prepared  by  Zimmer  and  Company,  Frankfort-on-the-Main. 
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In  the  first  experiments,  in  which  ethylhydrocupreine  was  injected 
into  the  right  pleural  sac  only,  there  was  a  slight  influence  upon  the 
infection  as  determined  by  the  duration  of  life  of  the  experimental 
animals.  All  animals  died  and  usually  showed  acute  suppurative  pleu- 
ritis  on  both  sides,  which  involved  the  pericardium  and  resembled 
that  of  the  untreated  controls.  The  results  of  one  of  the  experiments 
are  shown  in  Table  IV. 

TABLE   IV. 

Effect  upon  Pneumococcus  Pleuritis  in  Guinea  Pigs  of  Injecting  1  Cc.  of  1:500 
Ethylhydrocupreine  into  the  Right  Pleural  Sac*  at  Varying  Intervals  after 

Infection.] 


Inten-al  between 

time  of  infection 

and  injection 

of  drug. 

Result.; 

hrs. 

Immediately. 

Lived  about  48  hrs. 

acute  suppurative  bilateral  pleuritis  and  pericarditis. 

4 

"          "   36 

<( 

tt             tt                tt           tt        tt            tt 

24 

"   52 

tt 

tt             tt                It           tt        tt            ti 

48 

"   72 

tt 

tt             tt                tt           tt        tt            tt 

Culture  alone 

Died  in        48 

It 

tt             tt                tt           tt 

(control) . 

Drug  alone 

Lived. 

(control). 

*  This  is  a  dose  equivalent  to  about  2.5  cc.  per  kilo. 

t  Animals  infected  by  injecting  1  cc.  of  a  24  hour  broth  culture  into  the  right 
pleural  sac. 

t  All  animals  except  the  drug  control  showed  pneumococci  in  the  heart's  blood 
and  in  the  pleural  e.xudates. 

Treatment  with  Single  Doses  of  Ethylhydrocupreine  Injected  into 
Both  Pleural  Sacs. — On  account  of  the  development  of  pleuritis  on 
the  left  side  and  of  pericarditis  following  the  injection  of  pneumococci 
into  the  right  pleural  sac,  subsequent  experiments  with  guinea  pigs 
were  performed  in  which  one  dose  of  1  cc.  of  1 :500  ethylhydrocupreine 
was  injected  into  each  pleural  sac  immediately  after  infection  and  at 
intervals  of  4  to  48  hours  after  infection.  Controls  with  the  culture 
alone  and  drug  alone  were  included  in  each  experiment. 

The  results  of  two  experiments  are  shown  in  Tables  V  and  VL  In 
nearly  all  instances  the  severity  and  extent  of  the  local  inflammatory 
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TABLE   V. 

Effect  upon  Pneumococcus  Pleuritis  in  Guinea  Pigs  of  Injecting  1  Cc.  oj  1:500 
Ethylhydrocnpreine  into  Each  Pleural  Sac*  at  Varying  Intervals  after 

Infection.^ 


Interval  between 

time  of  infection 

and  injection 

of  drug. 


hrs. 

Immediately. 
4 
24 
48 
Culture  alone 

(control). 

Drug  alone 

(control). 


Result.: 


Lived. 


48  hrs.;  acute  bilateral  suppurative  pleuritis  and  pericarditis, 
about  49  hrs.;§  acute  bilateral  suppurative  pleuritis  and  pericarditis. 

a       Ao      it  u  it  (<  a  t(  (( 


*  This  is  a  dose  equivalent  to  about  2.5  cc.  per  kilo  in  each  sac. 

t  Animals  infected  by  injecting  1  cc.  of  a  24  hour  broth  culture  into  the  right 
pleural  sac. 

t  All  animals  necropsied  showed  pneumococci  in  the  heart's  blood  and  in  the 
pleural  exudates. 

§  The  animal  was  dying  when  injected  with  optochin;  it  died  within  1  hour 
after  injection. 


TABLE   VI. 


Effect  upon  Pneumococcus  Pleuritis  in  Guinea  Pigs  of  Injecting  1  Cc.  of  1:  500 
Ethylhydrocuprcine  into  Each  Pleural  Sac*  at   Varying  Intervals  after 

Infection.] 


Interval  between 

time  of  infection 

and  injection 

of  drug. 


hrs. 
Immediately. 
2 

4 
24 
Culture  alone 

(control). 
Drug  alone  (con- 
trol). 


Result. 


Lived. 

"     4  days;  serous  exudate  with  few  plastic  adhesions. 

"     8     "      no  exudate;  areas  of  consolidation  in  both  lungs. 

"     2  days;  acute  bilateral  suppurative  pleuritis  and  pericarditis. 


*  This  is  a  dose  equivalent  to  about  2.5  cc.  per  kilo  in  each  sac. 
t  Animals  infected  by  injecting  1  cc.  of  a  24  hour  broth  culture  into  the  right 
pleural  sac. 
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changes  in  the  pleurae  and  pericardium  and  the  duration  of  life  of 
the  animals  were  greatly  influenced  by  the  drug  when  the  latter  was 
administered  within  24  hours  after  infection  (Figs.  13  and  14).  Un- 
treated controls  always  showed  extensive  pleuritis  and  pericarditis  at 
the  end  of  24  hours  and  usually  succumbed  within  48  hours  (Fig.  3). 
In  practically  all  instances  when  drug  immediately  followed  culture 
the  animals  showed  no  signs  of  illness.  Some  were  necropsied  at 
intervals  for  histological  study  and  showed  no  pneumococci  in  the 
heart  or  pleural  sacs  and  no  gross  evidences  of  infection  (Fig.  15) 
although  sections  of  the  visceral  pleura  sometimes  showed  slight  de- 
grees of  leucocytic  infiltration. 

When  the  drug  was  administered  2  to  24  hours  after  injection  the 
results  were  more  irregular;  that  is,  sometimes  an  animal  that  received 
the  drug  24  hours  after  infection  lived  longer  and  showed  less  inflam- 
matory reaction  than  animals  that  received  the  drug  2  to  4  hours 
after  infection.  In  the  majority  of  animals,  however,  the  drug  ap- 
peared to  modify  the  degree  and  extent  of  pleuritis  and  pericarditis, 
unless  treatment  was  delayed  too  long;  i.e.,  if  48  hours  were  allowed  to 
elapse  between  the  time  of  intrapleural  injection  of  1  cc.  of  the  cul- 
ture and  the  injection  of  1  cc.  of  1:500  ethylhydrocupreine  hydro- 
chloride into  each  pleural  sac.  When  treatment  was  delayed  for  48 
hours  the  guinea  pigs  were  usually  very  sick  and  not  infrequently 
died  within  a  few  minutes  after  the  intrapleural  injections  of  the  drug. 

Treatment  with  Multiple  Doses  of  Ethylhydrocupreine  Injected  into 
Both  Pleural  5ac5.— Additional  experiments  were  conducted  in  which 
daily  injections  of  0.5  cc.  of  culture  were  given  into  the  right  pleural 
sac  of  guinea  pigs.  Treatment  began  4  hours  after  the  second  injec- 
tion of  culture  and  was  repeated  daily  4  hours  after  each  injection  of 
culture;  it  consisted  in  the  injection  of  0.5  cc.  of  1:500  ethylhydro- 
cupreine into  each  pleural  sac.  The  object  of  these  ex-periments  was 
to  produce  a  milder  pleuritis  permitting  longer  duration  of  life.  The 
fact  that  the  first  treatment  was  delayed  24  hours  allowed  the  devel- 
opment of  acute  pleuritis  which  was  generally  confined  to  the  right 
side.  The  conditions  occurring  in  pneumococcus  pleuritis  in  man 
were  more  nearly  approached  by  administering  the  drug  4  hours  after 
the  culture. 
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The  results  of  one  experiment  are  shown  in  Table  VII.  Untreated 
controls  usually  died  within  4  or  5  days,  while  controls  that  received 
drug  alone  survived  after  multiple  injections.  The  results  were 
usually  irregular  but  practically  always  showed  a  distinct  curative 
influence  of  the  drug.  Animals  either  survived  for  several  days  after 
the  death  of  untreated  controls  or  lived  until  kiUed  for  the  purpose  of 
making  gross  and  histological  studies  of  the  pleurae. 

TABLE  vn. 
Effect  of  Ethylhydrocuprdne  upon  Pleuritis  in  Guinea  Pigs. 
0.5  cc.  of  culture  injected  into  right  pleural  sac.  24  hours  later  0.5  cc.  of  cul- 
ture injected  into  right  pleural  sac  and  daily  thereafter.  4  hours  after  second 
injection  of  cocci,  0.5  cc.  of  1:500  ethylhydrocupreine  injected  into  both  sacs,  a 
dose  equivalent  to  about  2.5  cc.  per  kilo.  Injections  repeated  4  hours  after  each 
injection  of  cocci. 


Weight   of 

No.  of  injections 

No.  of  injections 

guinea  pig. 

of  culture. 

of  drug. 

gm. 

500 

4 

3 

Lived. 

460 

4 

3 

Died  7  days  after  first  dose  of  culture;*  small  area 
of  plastic  pleuritis  on  right  side;  no  changes  in 
left  pleura. 

470 

4 

None  (con- 

Died 4  days  after  first  dose  of  culture;t  very  ex- 

trol). 

tensive  bilateral  pleuritis  and  pericarditis. 

400 

None  (con- 
trol). 

3 

Lived. 

*  No  pneumococci  in  heart's  blood  or  exudate, 
t  Pneumococci  in  heart's  blood  and  exudates. 

Similar  results  were  observed  with  dogs  weighing  about  5  kilos. 
These  animals  were  infected  by  injecting  into  the  right  pleural  cavity 
15  cc.  of  a  24  hour  broth  culture  reinforced  by  the  cocci  removed  from 
ten  blood  agar  slant  cultures.  Treatment  was  begun  24  hours  after 
infection  by  injecting  15  cc.  of  a  warm  1:500  solution  of  ethylhydro- 
cupreine into  the  right  pleural  cavity  and  was  repeated  daily  until 
four  to  seven  doses  had  been  given. 

In  an  experiment  of  this  kind  the  untreated  control  animal  died  72 
hours  after  infection  with  pleuritis  of  the  right  side  and  acute  hyper- 
emia and  serous  exudation  of  the  right  lung  (Fig.  11);  pneimiococci 
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were  recovered  by  culture  from  the  heart's  blood  and  pleural  exudate. 
The  left  lung  and  pleura  were  not  involved. 

The  treated  animal  received  six  injections  of  ethylhydrocupreine 
and  survived.  24  hours  after  infection  and  just  before  the  first  treat- 
ment was  begun,  the  animal  appeared  sick  and  the  leucocytes  had 
increased  from  11,600  to  17,400  per  c.mm.  of  blood.  24  hours  after 
the  first  treatment  the  leucocytes  were  17,000  per  c.mm.  and  gradu- 
ally fell  each  day  until  9,400  were  reached  on  the  6th  day.  On  this 
day  the  rectal  temperature  was  38°C.  and  treatment  ceased.  This 
animal  was  in  normal  clinical  condition  when  necropsied;  the  lungs 
and  pleura  on  both  sides  were  normal,  there  were  no  exudates,  and 
cultures  of  the  heart's  blood  and  contents  of  the  pleural  sacs  were 
sterile. 

Treatment  with  Single  Doses  of  Ethylhydrocupreine,  Sodium  Oleate, 
and  Boric  A  cid  Injected  into  Both  Pleural  Sacs. — ^Since  Lamar  (6)  found 
that  in  the  presence  of  boric  acid,  which  overcomes  the  inhibitory 
influence  of  proteins,  sodium  oleate  in  0.5  to  1  per  cent  solution  is 


TABLE  vm. 

Effect  upon  Pneumococcus  Pkuritis  in  Guinea  Pigs  of  Injecting  0.5  Cc.  of  a  Mixture 

Composed  of  Equal  Parts  of  1:100  Ethylhydrocupreine,  0.5  Per  Cent  Sodium 

Oleate,  and  5  Per  Cent  Boric  Acid  into  Each  Pleural  Sac  at 

Varying  Intervals  after  Infection.* 


Interval  between 

time  of  infection 

and  injection 

of  mixture. 

Result. 

hrs. 

Immediately. 
2 
4 

Lived. 

24 

24 

Culture  alone 

"     about  48  lirs.jt  severe  bilateral  suppurative  pleuritis  and  peri- 

(control). 

carditis. 

Mixture  alone 

Lived. 

(control). 

*  Animals  infected  by  injecting  1  cc.  of  a  24  hour  broth  culture  into  the  right 
pleural  sac. 

t  Pneumococci  in  heart's  blood  and  exudates. 
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destructive  for  pneumococci  and  increases  their  susceptibility  to  the 
destructive  iniJuence  of  antipneumococcus  serum,  we  have  experi- 
mented with  a  mixture  prepared  of  equal  parts  of  1 :  100  ethylhydro- 
cupreine,  0.5  per  cent  sodium  oleate,  and  5  per  cent  boric  acid.  0.5 
cc.  of  this  mixture  was  injected  into  each  pleural  sac;  1  cc.  or  more  of 
the  mixture  injected  into  each  sac  proved  toxic. 

The  results  of  an  experiment  are  shown  in  Table  VIII.  Mixtures 
of  sodium  oleate  and  boric  acid  alone  had  little  or  no  influence,  but 
with  the  addition  of  ethylhydrocupreine  the  results  were  frequently 
very  successful  and  decisive,  animals  surviving  even  when  infected  24 
hours  before  treatment  was  begun. 

Treatment  with  Single  Doses  of  Ox  Bile  Injected  into  Both  Pleural 
Sacs. — Since  ox  bile  causes  lysis  and  destruction  of  pneumococci, 
experiments  were  undertaken'  with  injections  of  fresh  sterile  bile  into 
both  pleural  sacs  of  guinea  pigs  at  varying  intervals  after  infection. 
Preliminary  experiments  showed  that  injections  of  0.5  to  2  cc.  of  un- 
diluted bile  into  each  pleural  cavity  of  guinea  pigs  weighing  from  350 

TABLE  rx. 

Effect  upon  Pnemnococcits  Pleuritis  in  Guinea  Pigs  of  Injecting  0.2  Cc.  of  Sterile 
Ox  Bile*  into  Each  Pleural  Sac  at  Varying  Intervals  after  Infection.] 


Interval  between 

time  of  infection 

:\nd  injection 

of    bUe. 

Result. 

hti. 

2 

Lived  48  hrs.;t  bilateral  pleuritis  with  extensive  serous  efEusion. 

4 

tt           AQ          tt     4.            tt                           tl                    H                    It                           tC                      H 

24 

tt 

24 

"     4  days;  no  exudate;  adhesions  on  right  side. 

Culture  alone 

"    48  hrs.;|  severe  bilateral  suppurative  pleuritis  and  pericarditis. 

(control). 

Bile  alone  (con- 

It 

trol). 

*  This  is  a  dose  equivalent  to  about  0.5  cc.  per  kilo. 

t  Animals  were  infected  by  injecting  1  cc.  of  a  24  hour  broth  culture  into  the 
right  pleural  sac. 

t  Pneumococci  in  heart's  blood  and  serous  exudates. 

'  These  experiments  were  undertaken  at  the  suggestion  of  Dr.  Allen  J.  Smith. 
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to  400  gm.  were  toxic,  the  animals  dying  at  once  or  surviving  less 
than  24  hours.  In  these  experiments  undiluted  bile  in  a  dose  of  0.2 
cc.  was  injected  into  each  pleural  cavity;  the  controls  survived  this 
amount  and  showed  no  toxic  eflects. 

The  results  of  one  experiment  are  shown  in  Table  IX.  Occasionally 
a  treated  animal  survived  longer  than  the  untreated  controls.  Even 
when  treated  animals  succumbed,  the  macroscopic  lesions  appeared 
less  extensive  and  the  exudates  more  serous  and  less  purulent  in 
character. 

The  experiments  were  interrupted  at  this  point  before  treatment 
with  mixtures  of  bile  and  ethylhydrocupreine  could  be  tried.  Bile 
alone  appeared  to  exert  some  beneficial  influence  but  our  experiments 
in  this  direction  have  not  been  sufficiently  numerous  to  warrant  fur- 
ther statements. 

DISCUSSION. 

Chemotherapy  in  Infections  of  the  Serous  Cavities. 

Undoubtedly  ethylhydrocupreine  hydrochloride  has  been  proved  by 
numerous  investigators  to  show  an  extremely  high  and  selective  pneu- 
mococcidal  acti\dty  in  vitro,  even  in  the  presence  of  proteins,  as  in 
menstrua  of  serum  and  transudates.  These  investigations  have  also 
disclosed  a  certain  degree  of  protective  power  of  the  base  in  oil  when 
administered  subcutaneously,  or  the  soluble  hydrochloride  salt  when 
administered  intraperitoneally  in  mice  infected  with  lethal  amounts 
of  pneumococcus  culture. 

Unfortunately,  the  drug  has  proved  too  toxic  when  given  by  mouth 
or  by  intramuscular  injection  in  the  treatment  of  lobar  pneumonia 
in  man,  to  permit  the  administration  of  sufficiently  large  amounts  to 
influence  materially  the  severity  and  mortality  of  the  disease.  The 
transient  toxic  effects  observed  have  been  such  symptoms  as  tinnitus, 
deafness,  amblyopia,  or  retinitis.  The  retinitis,  or  amaurosis,  may, 
however,  result  in  more  or  less  permanent  impairment  of  vision. 

Moore  and  Chesney  (7)  have  shown,  however,  that  when  0.024  gm.  of  ethyl- 
hydrocupreine hydrochloride  per  kilo  of  body  weight,  or  about  1.7  gm.  per  70 
kilos,  are  administered  daily  by  mouth  and  when  the  intervals  between  doses  are 
not  longer  than  3  hours,  a  specific  pneumococcidal  property  may  be  imparted 
to  the  blood  which  is  maintained  more  or  less  constantly  for  several  days. 
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In  the  treatment  of  pneumococcus  meningitis  and  pleuritis  it  would 
appear  that  sufficient  amounts  of  the  drug  may  be  injected  intra- 
thecally  or  intrapleurally  to  exert  considerable  pneumococcidal  activi- 
ty without  irritating  these  membranes  or  causing  toxic  effects.  Wlien 
the  drug  is  administered  by  mouth,  intramuscularly,  or  intravenously, 
it  is  so  highly  diluted  in  the  blood  that  enough  cannot  be  administered 
to  raise  the  pneumococcidal  activity  of  the  blood  sufficiently  for  pro- 
nounced curative  effects  without  danger  of  toxicity,  but  in  the  sub- 
arachnoid and  pleural  sacs  dilution  is  by  spinal  fluid  or  exudate  alone 
and  is  much  less  than  in  the  blood. 

The  experiments  by  Kolmer  and  Idzumi  in  the  treatment  of  experimental 
pneumococcus  meningitis  with  ethylhydrocupreine  showed  that  in  mixtures  of 
equal  parts  of  purulent  spinal  fluid  and  1:1,000  to  1:2,000  solutions  of  ethyl- 
hydrocupreine complete  destruction  of  very  large  numbers  of  virulent  pneumo- 
cocci  occurred  within  1  hour  at  37°C.  The  intrathecal  injection  of  0.5  cc.  of 
1 :500  and  1 : 1,000  solutions  per  kilo  of  body  weight,  when  administered  not  later 
than  4  to  6  hours  after  the  injection  of  culture,  had  a  distinct  beneficial  effect 
on  the  course  of  experimental  meningitis  in  rabbits  produced  by  Type  I  pneumo- 
cocci.  The  drug  was  probably  diluted  in  the  subarachnoid  space  by  1  or  2  cc. 
of  spinal  fluid  per  kilo,  giving  final  dilutions  of  1 : 2,000  to  1 : 5,000;  these  dilutions 
of  drug,  however,  apparently  showed  some  pneumococcidal  activity  even  in  the 
presence  of  inflammatory  exudates,  and  were  found  to  have  no  irritative  effects 
for  the  meninges.  Furthermore,  since  the  amount  of  drug  injected  at  one  time 
was  0.5  cc.  of  a  1 :500  dilution  per  kilo  of  weight,  or  0.001  gm.,  it  was  less  than 
the  toxic  dose  by  intrathecal  injection;  this  permitted  the  administration  of  mul- 
tiple doses  without  toxic  effects. 

Similar  but  more  decisive  results  have  been  observed  in  the  present 
experiments.  Since  pleural  pus  is  ordinarily  much  richer  in  pus  cells 
it  has  required  stronger  solutions  of  ethylhydrocupreine  to  effect  com- 
plete destruction  of  large  nimibers  of  pneimaococci ;  in  our  experiments 
equal  parts  of  pus  and  1:1,000  solutions  of  ethylhydrocupreine  kept 
at  37°C.  are  not  completely  sterihzed  in  less  than  ^  to  1  hour. 

Guinea  pigs  and  dogs,  however,  show  no  ill  effects  from  the  intra- 
pleural injection  of  1  cc.  of  1:500  ethylhydrocupreine  per  kilo.  The 
toxic  dose  for  guinea  pigs  appears  to  be  approximately  2  cc.  of  a  1 :  100 
solution  per  kilo,  or  0.02  gm.  of  drug,  so  that  the  doses  ordinarily 
employed  in  our  experiments  (1  cc.  of  a  1:500  solution  for  guinea 
pigs  350  to  500  gm.  in  weight  in  one  or  both  pleural  sacs)  were  at 
least  two  and  one-half  to  five  times  less  than  the  toxic  doses. 
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The  experimental  lesions  in  guinea  pigs  were  very  severe,  consist- 
ing of  acute  suppurative  pleuritis  which  involved  both  pleurae  and  the 
external  portions  of  the  pericardium.  The  intrapleural  administra- 
tion of  ethylhydrocupreine  in  a  dose  corresponding  to  about  2  cc.  of 
a  1 :500  dilution  per  kilo  of  weight  in  each  cavity,  a  total  of  0.008  gm. 
of  drug,  had  a  marked  curative  influence  in  the  majority  of  instances 
unless  treatment  was  delayed  longer  than  24  hours.  Such  a  delay 
permitted  the  development  of  severe  bilateral  pleuritis,  pericarditis, 
and  pneumococcus  bacteremia.  Multiple  injections  of  1  cc.  of  a 
1 :  500  solution  per  kilo  into  each  pleural  ca\dty  had  an  even  more 
pronounced  effect  upon  less  severe  infections. 

These  results  indicate  the  possibihty  of  chemical  steriUzation  of 
infected  serous  cavities  with  drugs  showing  a  marked  and  selective 
bactericidal  activity  for  the  infecting  bacterium  in  the  presence  of 
pus,  as  optochin  or  ethylhydrocupreine  hydrochloride  for  the  pneimio- 
coccus,  even  though  sufiicient  amounts  of  the  drug  cannot  be  admin- 
istered by  mouth,  intramuscularly,  or  intravenously  to  influence  a 
localized  inflammatory  process.  It  is  highly  probable  that  some  of 
the  drug  injected  into  the  ca\ity  is  absorbed  into  the  blood,  where 
it  exerts  some  restraining  influence  upon  the  multiplication  of  bacteria. 

SUMMARY. 

1.  Solutions  of  ethylhydrocupreine  (optochin)  hydrochloride  show 
a  pronounced  bactericidal  activity  for  pneumococci  in  pleural  pus. 

2.  The  highest  tolerated  dose  of  ethylhydrocupreine  hydrochloride 
for  guinea  pigs  by  intrapleural  injection  is  about  0.2  to  0.3  cc.  of  a 
1:100  solution  per  100  gm.  of  weight,  corresponding  to  2  to  3  cc.  of 
solution  or  0.02  to  0.03  gm.  of  the  drug  per  kilo  of  weight. 

3.  The  injection  of  1  cc.  of  a  1:500  solution  of  ethylhydrocupreine 
hydrochloride  into  each  pleural  cavity  of  a  guinea  pig  weighing  from 
350  to  500  gm.  produces  no  evidences  of  toxicity  or  irritation  of  the 
pleura. 

4.  The  injection  of  1  cc.  of  a  24  hour  dextrose  blood  broth  culture 
of  virulent  Type  I  pneumococci  into  the  right  pleural  cavity  of  guinea 
pigs  produces  acute  suppurative  pleuritis  on  both  sides  associated 
with  suppurative  pericarditis,  which  generally  terminates  fatally 
within  72  hours  with  pneimiococcus  bacteremia. 
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5.  The  injection  of  1  cc.  of  1:500  solutions  of  ethylhydrocupreine 
hydrochloride  into  each  pleural  cavity  of  guinea  pigs  at  varying 
intervals  up  to  24  hours  after  pleural  infection  has  usually  shown  a 
marked  curative  influence.     Similar  results  were  observed  with  dogs. 

6.  The  intrapleural  injection  of  mixtures  of  ethylhydrocupreine, 
sodium  oleate,  and  boric  acid  (Lamar)  has  also  shown  a  decided 
curative  effect  in  acute  suppurative  pneumococcus  pleuritis  of  guinea 
pigs. 

7.  These  and  similar  experiments  on  pneumococcus  meningitis  sug- 
gest that  in  chemotherapeutic  investigations  certain  drugs  may  be 
injected  into  serous  cavities  in  amounts  exerting  distinct  bactericidal 
activity  in  vivo  without  producing  local  irritation  or  general  toxic 
effects. 
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EXPLANATION  OF  PLATES. 
Plate  87. 

Fig.  1.  Right  lung  and  pleura  of  a  guinea  pig  that  received  1  cc.  of  1 :500  ethyl- 
hydrocupreine  hydrochloride  into  each  pleural  cavity  as  a  control  on  the  animals 
shown  in  Figs.  12  and  13.    This  animal  was  living  and  well  7  days  later  when  killed. 

Fig.  2.  Section  of  the  right  pleura  and  lung  of  a  dog  4  days  after  the  intra- 
pleural injection  of  15  cc.  of  a  1 :500  solution  of  ethylhydrocupreine  hydrochloride 
per  kilo  of  weight. 

Plate  88. 

Fig.  3.  Acute  bilateral  suppurative  pleuritis  and  pericarditis  in  a  guinea  pig  36 
hours  after  the  injection  of  pneumococcus  culture  into  the  right  pleural  cavity. 

Plate  89. 

Fig.  4.  Film  of  pleural  exudate  showing  large  numbers  of  extracellular  pneumo- 
cocci  48  hours  after  the  intrapleural  injection  of  pneumococcus  culture. 

Fig.  5.  Acute  purulent  pleuritis  and  pneumonia.  Section  of  the  right  pleura 
and  lung  of  a  guinea  pig  36  hours  after  the  intrapleural  injection  of  pneumococcus 
culture. 

Pl.\te  90. 

Fig.  6.  Acute  purulent  pleuritis  of  a  gumea  pig  48  hours  after  the  intrapleural 
injection  of  pneumococcus  culture.  The  exudate  in  the  pleural  space  between 
the  visceral  and  parietal  layers  is  shown. 

Fig.  7.  Beginning  organization  of  the  exudate  in  acute  pleuritis  of  a  guinea  pig 
5  days  after  the  intrapleural  injection  of  pneumococcus  culture. 
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Plate  91. 

Fig.  8.  Acute  purulent  pleuritis  in  a  guinea  pig  48  hours  after  the  intrapleural 
injection  of  pneumococcus  culture. 

Fig.  9.  Section  of  the  right  pleura  and  lung  of  a  guinea  pig  that  succumbed 
48  hours  after  the  intrapleural  injection  of  pneumococcus  culture. 

Plate  92. 

Fig.  10.  Chronic  fibrous  (organized)  pleuritis  of  a  guinea  pig  following  acute 
pneumococcus  pleuritis. 

Fig.  11.  Edema,  hyperemia,  and  leucocytic  infiltration  in  the  right  lung  of  a 
dog  72  hours  after  the  intrapleural  injection  of  pneumococci;  there  was  an  accom- 
panying acute  fibrinous  pleuritis. 

Plate  93. 

Fig.  12.  Lung  of  the  animal  shown  in  Fig.  9. 

Fig.  13.  Section  of  the  right  pleura  and  lung  of  a  guinea  pig  that  was  infected 
at  the  same  time  and  in  the  same  maimer  as  the  animal  shown  in  Figs.  9  and  12, 
but  received  1  cc.  of  1:500  ethylhydrocupreine  into  each  pleural  cavity  4  hours 
after  infection.    This  animal  was  living  and  well  7  days  later  when  killed. 

Fig.  14.  Section  of  the  right  pleura  and  lung  of  a  guinea  pig  that  was  infected 
at  the  same  time  and  in  the  same  manner  as  the  animal  shown  in  Fig.  8,  but  re- 
ceived 1  cc.  of  a  1:500  solution  of  ethylhydrocupreine  in  each  pleural  cavity  24 
hours  later.     The  animal  was  living  and  well  5  days  later  when  killed. 

Plate  94. 

Fig.  15.  Lungs,  pleurae,  and  pericardium  of  a  guinea  pig  that  was  infected  at 
the  same  time  and  in  the  same  manner  as  the  animal  shown  in  Fig.  3  but  received 
1  cc.  of  a  1:500  solution  of  ethylhydrocupreine  hydrochloride  in  each  pleural 
cavity  4  hours  after  infection  and  two  subsequent  injections  at  daily  intervals. 
This  animal  was  living  and  well  5  days  later  when  killed. 
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EXPERIMENTAL   STUDIES   OF   THE   NASOPHARYNGEAL 
SECRETIONS  FROM  INFLUENZA  PATIENTS. 

IV.  Anaerobic  Cultivation. 

By  peter  K.  OLITSKY,  M.D.,  and  FREDERICK  L.  GATES,  M.D. 

{From  tlie  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

Plates  95  to  99. 

(Received  for  publication,  February  25,  1921.) 

In  a  series  of  reports  in  this  Journal''  -■  ^  and  in  The  Journal  of  iJie 
American  Medical  Association,*'  ^  we  have  described  the  changes  in 
the  blood  and  lungs  of  rabbits  and  guinea  pigs  which  follow  the 
intratracheal  injection  of  unfiltered  and  filtered  nasopharyngeal  secre- 
tions, obtained  within  36  hours  after  onset,  from  patients  ill  with 
uncomplicated  epidemic  influenza.  The  actii-ity  of  the  injected 
material  was  traced  to  the  presence  of  a  substance  possessing  char- 
acters which  could  only  be  attributed  to  a  living  agent,  not,  however, 
of  the  nature  of  ordinary  bacteria.  In  the  earlier  reports-'^  we 
referred  to  experiments  on  the  cultivation  of  this  li\dng  agent  by 
anaerobic  methods,  and  recently^  we  described  the  nature  of  the 
characteristic,  visible  bodies  usually  found  by  cultural  methods  to  be 
present  in  the  nasopharyngeal  secretions  during  the  early  hours  of 
epidemic  influenza  in  man  and  in  the  lung  tissue  of  affected  animals. 
The  present  paper  describes  these  cultivation  experiments  in  greater 
detail. 

1  Olitsky,  P.  K.,  and  Gates,  F.  L.,  J.  Exp.  Med.,  1921,  xxxiii,  125. 
-  Olitsky,  P.  K.,  and  Gates,  F.  L.,  /.  E.vp.  Med.,  1921,  x.xxiu,  361. 
3  OUtsky,  P.  K.,  and  Gates,  F.  L.,  /.  Exp.  Med.,  1921,  xxxiii,  373. 
*  Olitsky,  P.  K.,  and  Gates,  F.  L.,  J.  Am.  Med.  Assn.,  1920,  bcxiv,  1497. 
5  Olitsky,  P.  K.,  and  Gates,  F.  L.,  J.  Am.  Med.  Assn.,  1921,  btxvi,  640. 
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Sources  of  Material. 

The  characteristic  bodies  were  first  observed  in  November,  1918,  in 
strictly  anaerobic  cultures  of  the  filtered  nasopharyngeal  secretions 
of  an  influenza  patient  in  the  early  hours  of  the  disease.  Since  that 
date  successful  cultivation  experiments  have  been  carried  out  with 
material  ultimately  derived  from  all  of  the  seven  cases  of  influenza 
from  which  active  material  was  transmitted  to  animals.  Numerous 
primary  cultures,  directly  from  human  sources  or  from  the  lung 
tissues  of  afi'ected  animals,  have  been  followed  by  hundreds  of  sub- 
plants,  until  at  present  certain  strains  are  extant  in  the  eighteenth 
generation. 

The  materials  subjected  to  cultivation,  essentially  the  same  as 
those  injected  in  the  transmission  experiments,  were  obtained  from  a 
variety  of  sources.  During  the  two  epidemic  waves  of  influenza, 
that  of  1918-19  and  that  of  1920,  nasopharyngeal  secretions  were 
collected  from  patients  with  the  uncomplicated  disease,  both  in  the 
early  hours  of  the  affection  and  in  the  later  stages,  including  con- 
valescence. During  the  first  epidemic  filtered  and  unfiltered  mate- 
rial was  also  obtained  from  the  lungs,  at  autopsy,  of  patients  who  had 
succumbed  to  secondary  or  concurrent  pneumonias.  In  the  course  of 
the  various  series  of  transmission  experiments  with  rabbits  and  guinea 
pigs,  the  lungs  of  affected  animals  were  cultured  both  aerobicaUy  and 
anaerobically  as  a  routine.  Usually  this  material  was  not  filtered. 
Sometimes  the  tissues  were  ground  in  saline  solution  and  filtered  in 
order  to  remove  bacteria  of  the  ordinary  species.  As  a  routine  also, 
portions  of  the  lungs  of  affected  animals  were  preserved  in  sterile  50 
per  cent  glycerol.  These  glycerolated  specimens,  after  preservation 
for  periods  up  to  14  months,  were  directly  cultured  or  injected  intra- 
tracheally  into  rabbits,  from  whose  lungs  cultures  were  made  at 
autopsy. 

The  control  materials  for  cultivation  experiments  were  likewise 
similar  to  those  used  in  control  transmission  experiments  in  animals. 
They  consisted  of  unfiltered  and  filtered  nasopharyngeal  secretions 
from  healthy  persons  during  the  two  epidemic  waves,  the  inter- 
epidemic  recession,  and  the  postepidemic  period.  Nasopharj'ngeal 
washings  from  persons  suffering  from  acute  coryza  were  also  cultured 
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during  the  non-epidemic  intervals.  The  normal  lungs  of  uninocu- 
lated  rabbits,  the  diseased  lungs  of  stock  rabbits  who  fell  ill  of  other 
infections,  the  lungs  of  rabbits  injected  with  control  materials,  and, 
finally,  each  of  the  various  ingredients  of  the  culture  medium  were 
subjected  to  anaerobic  cultivation  as  controls. 

Methods  of  Cultivation. 

All  the  methods  of  anaerobic  cultivation  employed  involved  the 
use  of  fresh  sterile  kidney  tissue  in  tubes  or  flasks  of  human  ascitic 
fluid  or  ascitic  fluid  agar,  usually  under  a  vaseline  seal. 

In  the  early  cultivation  tests  sterile  paraffin  oil  was  used  as  a  seal 
instead  of  vaseline,  and  the  tubes  were  incubated  in  an  anaerobic  jar 
set  up  as  described  by  Mcintosh  and  Fildes."  The  decolorization  of  a 
tube  of  methylene  blue  in  broth,  included  in  the  jar,  indicated  the 
establishment  of  anaerobic  conditions.  In  later  experiments  the 
complete  exclusion  of  oxygen  by  a  vaseline  seal  permitted  the  rapid 
production  and  the  maintenance  of  anaerobic  conditions  by  the 
reducing  substances  in  the  medium.'  The  use  of  the  anaerobic  jar 
was,  therefore,  discontinued. 

For  primary  isolations  and  routine  cultivations  the  culture  tubes 
were  set  up  as  follows:  Relatively  large  pieces  (0.6  to  0.8  gm.)  of 
sterile  normal  rabbit  kidney  tissue  were  placed  in  test-tubes  measur- 
ing 20  by  1.5  cm.,  one  piece  to  each  tube.  Then  1  cc.  of  suspected 
fluid  or  0.5  cm.  of  affected  lung  tissue  was  placed  directly  on  the 
kidney  tissue.  These  materials  were  covered  with  8  to  10  cc.  of 
sterile  human  ascitic  fluid  of  a  hydrogen  ion  concentration  of  7.8  to 
8.  Ascitic  fluids  of  a  higher  alkalinity  were  discarded.  Sealed  with 
2  cc.  of  melted  sterile  vaseline  and  stoppered  with  cotton,  the  tubes 
were  incubated  at  37°C.  for  8  to  12  days. 

For  special  purposes  this  routine  culture  method  was  modified  in 
two  particulars.  Occasionally  tubes  of  a  semisolid  medium  or  mass 
cultures  in  flasks  were  employed,  especially  for  subplants.  The  semi- 
solid medium  consisted  of  1  part  of  beef  infusion  (2  per  cent)  agar, 
pH  7.4,  to  2  parts  of  human  ascitic  fluid,  mixed  in  a  flask  at  40°C. 

^  Mcintosh,  J.,  and  Fildes,  P.,  Lancet,  1916,  i,  768. 

'  Gates,  F.  L.,  and  Olitsky,  P.  K.,  J.  Exp.  Med.,  1921,  x.'cxiii,  51. 
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and  pipetted  onto  the  kidney  tissue  and  inoculum  in  the  tall  test- 
tubes.  The  medium  for  mass  cultures  was  slightly  modified  from 
that  described  by  Flexner,  Noguchi,  and  Amoss'  for  the  cultivation 
of  the  globoid  bodies  of  poliomyelitis.  In  each  Florence  flask,  of 
50  cc.  capacity,  was  placed  one-fourth  of  a  moderate  sized  rabbit 
kidney.  The  sections  w'ere  cut  across  the  entire  kidney  and  placed 
with  the  cut  surface  parallel  to  the  base  of  the  flask.  After  inocula- 
tion the  kidney  was  Just  covered  (10  cc.)  with  the  semisolid  ascitic 
fluid  medium  described  above  and  the  agar  was  hardened  by  immer- 
sion of  the  flask  for  15  minutes  in  cold  water.  Then  the  flask  was 
filled  to  the  neck  with  a  mixture  of  1  part  of  beef  infusion  broth, 
pH  7.4,  and  2  parts  of  ascitic  fluid.  A  seal  of  vaseline,  1  cm.  deep, 
and  a  cotton  stopper  completed  the  preparation. 

An  advantage  of  the  vaseline  seal  over  the  anaerobic  jar  was  found 
in  the  ease  with  which  specimens  for  examination  or  transplant  could 
be  obtained  with  a  capillary  pipette  without  exposure  of  the  medium 
to  the  air.  After  puncture  the  seal  was  restored  by  gentle  heat — just 
sufficient  to  melt  a  portion  of  the  superposed  vaseline. 

All  the  earlier  inoculations  were  made  directly  on  the  kidney  tissue 
before  the  medium  was  added.  More  recently  the  incubation  period 
has  been  shortened  and  growth  facilitated  by  inoculating  sterile 
preparations  set  up  a  day  or  two  in  advance,  to  permit  the  establish- 
ment of  anaerobic  conditions  under  the  vaseline  seal.  The  inoculum 
is  placed  in  the  \-icinity  of  the  kidney  by  means  of  a  capillary-  pipette. 

In  primary-  cultivations  and  early  subplants  the  suspected  material 
was  distributed  among  three  to  six  culture  tubes.  Frequently  only 
a  few  tubes  of  several  in  an  initial  cultivation  showed  growth.  But 
apparent  failure  in  the  initial  cultivation  might  be  followed  by  success 
in  a  subplant.  Hence  at  least  two  negative  cultivations  in  succession 
were  required  before  a  culture  series  was  discarded  as  negative. 

Appearance  of  Positive  Cultures. 

The  first  evidence  of  the  multiplication  of  a  li\ing  substance  in 
primary  cultures  in  fluid  medium  was  obser\-ed  in  the  presence  of  a 
faint  haze,  first  visible  about  the  5th  day,  extending  upward  about 

«  Flexner,  S.,  Noguchi,  H.,  and  Amoss,  H.  L.,  J.  Exp.  Med.,  1915,  xxi,  91. 
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1  cm.  from  the  level  of  the  kidney.  This  faint  even  cloud  gradually 
became  denser,  reaching  its  maximum  about  the  8th  day,  when  it 
approximated  3  cm.  in  depth.  At  the  same  time  the  clear  super- 
natant fluid  developed  a  characteristic  very  faint  opalescence,  often 
hardly  discernible.  On  standing  at  room  temperature  the  cloud 
gradually  settled  down,  in  the  course  of  2  weeks,  to  the  region  of  the 
kidney  tissue,  leaving  a  clear  supernatant  fluid. 

Initial  cultures  in  a  semisoKd  medium  usually  failed  to  show 
signs  of  growth.  Subplants  from  the  fluid  medium  developed  slowly 
in  semisolid  cultures  with  the  formation  of  almost  microscopic 
colonies,  too  small  to  be  defined  with  exactness.  The  evidence  of 
growth  was  an  even  clouding  of  the  medium  extending  to  3  to  2  cm. 
from  the  surface. 

In  mass  cultures  of  well  established  strains  a  turbidity  appearing 
throughout  the  semisolid  layer  about  the  3rd  day  was  followed  by  a 
diffuse  clouding  of  the  fluid  portion  by  the  5  th  day.  On  standing  at 
room  temperature  the  cloud  gradually  subsided  to  the  vicinity  of  the 
agar,  forming  a  dense  homogeneous  nebulous  layer  on  its  surface 
(Fig.  1). 

Morphology  and  Staining  Reactions. 

The  greatest  concentration  of  cultivable  bodies  for  microscopic 
examination  was  obtained  from  the  very  bottom  of  the  culture  tubes. 
0.3  to  0.4  cc.  of  the  cloudy  sediment  was  drawn  up  in  a  capillary 
pipette.  After  removing  the  adherent  vaseline  from  the  pipette  with 
gauze  the  first  two  drops  of  fluid  were  discarded  and  subsequent 
drops  were  spread  evenly  on  a  slide  in  thick  fihns.  The  films  were 
then  dried  in  an  incubator  at  37°C.,  fLxed  with  gentle  heat — three 
rapid  passages  through  the  Bunsen  flame — and  stained  by  the  chosen 
method. 

Of  all  the  stains  tried,  well  ripened  LoeSier's  alkaline  methylene 
blue  proved  the  most  satisfactory.  The  preparation  was  flooded 
with  the  dye  and  steamed  very  gently  over  a  flame  for  2  minutes. 
The  slide  was  thoroughly  washed  with  running  tap  water  and  allowed 
to  dry  in  the  air. 

Prepared  in  this  manner,  the  films  from  tj^ical  cultures  revealed 
minute  bodies  of  regular  morphology,  stained  a  deep  purple,  and 
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clearly  differentiated  from  the  background  of  pale  blue  protein 
precipitate.  The  bodies  were  often  exceedingly  numerous,  and  with 
careful  focusing,  they  stood  out  in  sharp  relief.  Usually  solitary, 
they  were  often  found  in  diplo  forms,  and  occasionally  in  short  chains 
of  three  or  four  members.  Clumps  occurred  also,  especially  in  older 
cultures,  the  discrete  definitely  stained  bodies  forming  masses  from 
a  blood  platelet  to  a  leucocyte  in  size.  Viewed  with  the  highest 
powers  of  the  microscope,  the  bodies  were  seen  to  be  two  to  three 
times  longer  in  one  direction  than  in  the  other.  They  were,  therefore, 
bacilloid  rather  than  coccoid.  Thus  they  were  differentiated  sharply 
from  the  globoid  bodies  of  poliomyelitis,  which  they  approached  in 
size.  Their  long  axis  measured  0.15  to  0.3  microns.  Occasionally 
longer  indi\-iduals  were  seen,  but  the  organisms  showed  little  tendency 
to  pleomorphism  and  were  characterized  by  uniformity  in  size  and 
shape.  Irregular  staining  reactions  have  not  been  encountered.  No 
granules,  clubs,  spores,  or  involution  forms  have  been  seen.  The 
bodies  in  one  culture  in  its  eighteenth  generation  are  morphologically 
identical  with  those  in  the  initial  specimen  (Figs.  2  to  5). 

Occasionally  unmistakable  clumps  or  colonies  developed  in  the 
region  of  the  kidney  (Fig.  5),  but  when  few  in  number  the  bodies 
were  sometimes  obscured  by  protein  or  stain  precipitates  (Fig.  4). 
Under  such  circumstances,  the  unaccustomed  eye  made  them  out 
with  diihculty.  For  this  reason  stains  which  showed  any  tendency 
to  precipitation  on  the  slide  were  found  unsuitable  for  their  demon- 
stration. Thus,  although  the  bodies  were  died  lavender  with 
Giemsa's,  Wright's,  and  Manson's  stains,  the  preparations  were  as 
a  rule  unsatisfactory.  Carbolthionine  (XicoUe),  carbolfuchsin,  steam- 
ing safranine,  and  steaming  fuchsin  were  likewise  unsuitable.  All  the 
strains  examined  decolorized  uniformly  by  Gram's  method.  The 
counterstain,  safranine,  required  steaming.  The  Gram-negative 
reaction  was  a  constant  feature  of  young  and  old  cultures. 

The  dark-field  microscope  has  not  afforded  a  satisfactory  method 
of  examination  on  account  of  the  similarity  in  size  of  the  cultivable 
organism  to  the  familiar  dancing  bodies  of  control  preparations. 
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Filterability. 

The  cultivable  bodies,  even  in  remote  generations,  have  been  found 
to  pass  Berkefeld  V  and  N  candles.  They  are,  therefore,  to  be 
classed  among  the  filter  passers. 

Cultural  and  Biological  Characters. 

The  strict  anaerobic  and  nutritive  requirements  of  the  cultivable 
bodies  have  necessarily  limited  the  study  of  their  cultural  reactions. 
Certain  conclusions  have  been  drawn  from  repeated  experiments. 

Final  Hydrogen  Ion  Concentration  of  Cultures. — The  incubation  of 
sterile  kidney  tissue  in  ascitic  fluid  has  been  shown  to  change  the 
hydrogen  ion  concentration  of  anaerobic  tissue  cultures  toward  the 
acid  side.'  In  our  experiments  the  final  hydrogen  ion  concentration 
of  growing  cultures  and  of  uninoculated  controls  was  the  same; 
namely,  pH  7.4  to  7.8.  The  organisms  failed  to  grow  in  media  of  a 
pH  of  8  or  7,  which  appear  to  be  the  outside  limits  of  the  favorable 
range. 

Action  on  Carbohydrates  and  Alcohols. — Growth  took  place  in  the 
presence  of  dextrose,  maltose,  lactose,  saccharose,  inulin,  and  mannitol. 
No  observable  amounts  of  acid  or  gas  were  produced.  The  media 
containing  dextrose  and  maltose  (1  per  cent)  showed  a  heavier  cloud 
than  usual,  but  this  may  or  may  not  have  corresponded  to  a  more 
active  multiplication  of  the  organisms.  No  characteristic  odor  was 
detectable  in  any  of  the  cultures. 

Symbiosis. — In  the  course  of  the  experiments  certain  culture 
tubes,  inoculated  with  unfiltered  lung  tissue,  yielded  growths  of 
ordinary  bacteria  in  addition  to  the  characteristic  bodies  seen  in  the 
original  culture  tubes  and  later  demonstrated  in  pure  culture  with 
filtrates  of  the  mLxed  material.  It  thus  appears  that  this  organism 
can  develop  in  symbiosis  with  Bacillus  pfeijferi,  the  pneumococcus. 
Streptococcus  hccmolyticus,  Streptococcus  viridans,  and  staphylococci. 
In  a  few  experiments  deliberate  mixtures  of  these  bacteria  with  the 
influenzal  bodies  were  cultivated,  and  the  organisms  were  subse- 
quently separated  by  plating  and  by  filtration. 
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Resistance. — No  growth  has  been  obtained  in  subplants  of  cultures 
heated  to  56°C.  for  \  hour  or  longer.  Exposure  to  chloroform  vapor 
for  1  to  1§  hours  apparently  destroys  the  organism.  V'iable  organisms 
have  been  found,  however,  in  fluid,  semisolid,  and  mass  cultures  kept 
at  room  temperature,  20-24°C.  (68-76°F.)  for  periods  up  to  6 
months. 

In  these  respects  the  resistance  of  the  cultivated  bodies  is  similar 
to  that  of  the  active  agent  in  glycerolated  specimens  of  the  lung 
tissue  from  affected  rabbits.^ 

Enumeration  of  Positive  Cultures  and  the  Sources  from  Which  They 

Were  Obtained. 

In  the  earliest  experiments,  before  a  precise  technique  for  culturing 
and  demonstrating  the  cultivable  bodies  was  developed,  it  may  be 
presumed  that  some  active  materials  gave  negative  results.  Hence 
the  following  enumeration  of  successful  cultivations  is  of  more  signifi- 
cance from  the  positive  than  from  the  negative  point  of  view,  and 
cannot  be  regarded  as  an  indication  of  the  actual  incidence  of  these 
cultivable  bodies  in  epidemic  influenza  in  man.  This  is  particularly 
true  in  view  of  the  fact  that  cultural  experiments  were  not  accepted 
as  positive  unless  at  least  two  generations  of  the  cultivable  bodies 
were  obtained. 

Cultivation  experiments  were  attempted  with  the  filtered  naso- 
pharyngeal washings  of  eleven  patients  with  uncomplicated  epidemic 
influenza  during  the  first  36  hours  of  the  illness.  Of  these  cultiva- 
tions, sLx  gave  positive  results.  Five  strains  were  obtained  from 
eight  patients  in  the  1918-19  epidemic  and  one  strain  from  three 
patients  in  the  recurrence  of  1920. 

Material  from  twenty-eight  other  patients  was  cultured  during  the 
later  stages  of  the  disease— from  the  48th  hour  to  convalescence. 
Only  one  culture  yielded  a  growth.  This  material  was  obtained 
48  hours  after  onset  from  a  patient  who  died  2  days  later  from  a 
secondary  pneumonia. 

The  filtered  nasopharyngeal  washings  of  four  patients  suffering 
from  pneumonias  secondary  to  epidemic  influenza  were  apparently 
negative.     No   growth   was    obtained    with    filtrates   of   the   lung 
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tissue,  at  autopsy,  of  two  patients  who  succumbed  to  the  secondary 
pneumonias. 

Although  the  cultivation  of  these  peculiar  anaerobic  bodies  from 
the  lung  tissues  of  a  large  number  of  affected  rabbits  and  guinea  pigs 
in  the  transmission  experiments  already  described'-'^  is  presump- 
tive evidence  that  this  organism  was  probably  the  causative  agent  in 
the  lesions  produced,  it  is  nevertheless  important  to  correlate  the 
presence  of  these  organisms  in  the  human  nasal  washings  with  the 
pathogenicity  of  these  washings  for  rabbits. 

The  transmission  experiments  were  initiated  with  the  nasopharyn- 
geal washings  of  seven  patients,  all  in  the  first  36  hours  of  illness. 
Three  of  these  specimens,  filtered  and  cultivated,  yielded  strains  of 
the  characteristic  organism.  The  specimens  from  three  other 
patients  failed  to  produce  a  growth.  The  seventh  specimen  was  not 
cultivated.  An  eighth  specimen,  obtained  early,  appeared  to  be 
negative  both  in  cultivation  and  animal  transmission  experiments. 
Three  strains  of  the  cultivable  bodies  were  obtained  from  specimens 
of  nasopharyngeal  washings  which  were  not  used  for  transmission 
experiments  in  rabbits. 

Strains  were  ultimately  derived,  however,  from  all  seven  of  the 
patients  enumerated  above  by  cultivation  of  the  lung  tissues  of 
rabbits  and  guinea  pigs  affected  in  animal  transmissions  of  the  active 
nasopharyngeal  material. 

Beside  the  unfiltered  and  the  filtered  nasopharyngeal  washings 
and  the  fresh  lung  tissues  of  affected  rabbits  and  guinea  pigs,  a  third 
source  of  active  material,  pathogenic  for  rabbits,  was  rabbit  lung 
tissue  which  had  been  preserved  in  sterile  50  per  cent  glycerol  for 
periods  up  to  9  months.- 

None  of  the  specimens  of  glycerolated  lung  which  were  directly 
cultivated  yielded  growths  of  the  specific  organism.  We  have  already 
reported^  the  activity  of  certain  specimens  of  the  glycerolated  mate- 
rial in  initiating  characteristic  lesions  when  injected  intratracheally 
in  rabbits.  From  the  fresh  lung  tissues  of  these  affected  animals,  or 
their  successors  in  the  line  of  animal  passage,  the  anaerobic  bodies 
were  cultivated  in  a  number  of  instances.  In  this  way  the  primary 
cultivation  of  rabbits'  lungs  from  eleven  series  of  experiments  in 
which  the  active  material  had  previously  been  immersed  in  glycerol 
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for  5  days  to  9  months,  yielded  three  cultures  of  these  bodies;  in  one 
instance  the  length  of  glycerolation  was  5  days,  in  another  1  month, 
and  in  the  third  9  months.  The  two  original  sources  of  active  material 
used  in  the  above  eleven  series  were  Case  16,'  representing  the  first 
epidemic  period,  and  Case  26,'  representing  the  second. 

Control  Cultivation  Experiments. 

Control  cultivation  experiments  were  made  directly  with  the  unfil- 
tered  or  filtered  nasopharjmgeal  secretions  of  twenty  patients  free 
from  influenza.  Eight  of  these  patients  were  suffering  from  an  acute 
coryza  in  the  early  or  late  stages.  The  control  materials  were  collected 
in  the  epidemic,  interepidemic,  and  postepidemic  periods.  None  of 
these  specimens  yielded  the  cultivable  bodies  found  in  six  of  the 
eleven  early  cases  of  influenza  examined. 

Control  cultures  of  the  following  materials  also  uniformly  failed 
to  yield  growth  of  these  bodies:  the  lung  tissues  of  six  stock  rabbits 
which  died  of  accidental  or  epidemic  infections  such  as  snuffles  or 
pneumonia;  uninoculated  tubes  of  36  samples  of  human  ascitic  fluid 
and  portions  of  all  the  rabbit  kidneys  used  in  the  culture  media;  and 
the  lung  tissues  of  60  rabbits,  either  normal  or  injected  intratracheally 
with  control  materials  in  the  course  of  the  transmission  experiments. 
The  control  materials  injected  in  these  rabbits  included  normal  rabbit 
lung  tissue,  saline  solution,  human  ascitic  fluid,  rabbit  serum,  and 
ordinary  bacteria. 

Inoculation  of  Rabbits  and  Guinea  Pigs  with  the  Cultivable  Bodies. 

For  a  study  of  the  effects  of  culture  injections  on  animals,  mass 
cultures^  were  generally  used.     Because  of  pressure  of  other  experi- 

'  Mass  cultures  were  prepared  for  inoculation  as  follows:  The  vaseline  seal  was 
removed  from  the  Florence  flask  with  a  sterile  wire  and  the  fluid  part  of  the  cul- 
ture centrifuged  for  20  minutes  at  1,500  revolutions  per  minute  or  until  the 
supernatant  fluid  was  clear.  The  fluid  was  then  decanted,  and  the  small  button- 
like deposit  of  the  growth  left  at  the  bottom  of  the  tube  was  resuspended  in  saline 
solution.  The  centrifugation  was  repeated,  the  clear,  supernatant  saline  solution 
was  removed,  and  the  small  amount  of  sediment  was  again  suspended  in  4  cc.  of 
saline  solution,  of  which  3  cc.  were  used  for  the  experiment. 
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ments  most  of  the  animal  inoculations  had  to  be  deferred  so  that 
they  were  finally  done  with  well  established  cultures  several  genera- 
tions removed  from  the  original  human  source. 

When  this  part  of  the  work  was  undertaken  there  were  available 
for  study  three  separate  strains  of  cultivable  bodies,  two  from  the 
first  epidemic  and  one  from  the  second.  These  three  strains  were 
represented  by  cultures  derived  from  nine  diflerent  sources.  One, 
a  human  strain,  was  the  seventeenth  generation  subplant  of  a  culture 
of  the  filtered  nasopharyngeal  secretion  of  Case  17'  of  the  first  epi- 
demic. The  others  were  first  to  seventh  generation  cultures  of  the 
lungs  of  different  rabbits  which  had  been  injected  with  glycerolated 
lung  tissue  from  earlier  animals  in  the  transmission  series.  Four  of 
these  cultures  were  thus  originally  derived  from  Case  16  and  three 
were  from  Case  17  of  the  first  epidemic.  One  came  originally  from 
Case  26  of  the  second  epidemic  of  1920. 

Of  these  nine  cultures  with  which  rabbit  passages  were  again 
initiated,  only  one,  derived  from  rabbit  lung  tissue,  and  then  in  the 
third  generation,  failed  to  produce  the  effects  regarded  as  typical 
for  the  active  material  in  the  earlier  transmission  experiments.  The 
results  of  the  intratracheal  injection  of  the  growth  of  mass  cultures, 
in  doses  of  3  cc.  were  so  uniform  and  familiar  that  a  common 
description  will  suffice  for  the  entire  series. 

On  examination  24  hours  after  inoculation,  the  rabbits  showed  a 
rise  in  temperature  and  usually  a  conjunctivitis,  varying  from  simple 
injection  of  the  palpebral  conjunctiva  to  a  marked  injection  of  the 
palpebral  and  ocular  conjunctivae.  These  signs  were  accompanied 
by  a  definite  and  often  marked  leucopenia,  the  result  of  a  depression 
of  the  mononuclear  cells  (Text- figs.  1  and  2).  In  the  animals  which 
were  kept  for  observation,  these  conditions  persisted  for  2  to  3  days, 
when  the  animals  returned  to  normal.  When  the  rabbits  were  killed 
during  the  reaction,  a  characteristic  pathological  picture  was  revealed 
in  the  respiratory  organs. 

Only  the  respiratory  organs  were  visibly  afi'ected.  The  lungs  (Figs. 
6  and  7)  were  voluminous  with  edema  and  emphysema.  Numerous 
hemorrhages  were  to  be  seen  on  the  surface,  either  diffuse  or  discrete, 
and  often  in  the  form  of  minute  petechise.     The  pleurae  were  not 
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involved.  On  section  of  the  lungs,  the  cut  surface  dripped  a  frothy 
blood-stained  fluid,  evidence  of  a  hemorrhagic  edema.  Hemorrhages 
similar  to  those  which  had  reached  the  surface  were  scattered 
through  the  parenchyma.  The  trachea  and  bronchi  showed  a  muco- 
purulent exudate  covering  an  exfoliated  and  hemorrhagic  epithelium. 

Microscopic  sections  (Figs.  8  and  9)  confirmed  the  gross  obser- 
vations. The  hemorrhages,  diffuse  or  discrete,  were  located  in  the 
interalveolar  tissue,  which  was  distended  with  edema  and  torn  by 
emphysema.  The  interalveolar  structures  were  also  infiltrated  to 
some  degree  with  a  cellular  exudate  consisting  of  mononuclear  cells 
and  some  polymorphonuclear  cells  with  large  eosinophilic  granules. 
Large  cells  of  the  respiratory  epithelial  type,  probably  desquamated 
bronchial  epithelium,  and  numerous  erythrocytes  were  seen  in  the 
parenchyma.     No  pneumonic  consolidation  was  present. 

The  bronchi  showed  thickened,  hyperemic  walls  and  their  lumina 
were  partly  filled  with  erythrocytes,  leucocytes,  and  fragments  of 
exfoliated  and  necrotic  epithelium.  The  lung  capillaries  were  dis- 
tended with  blood. 

As  noted  above,  eight  series  of  animal  transmission  experiments 
were  initiated  by  the  intratracheal  injection  in  rabbits  of  pure  cultures 
of  the  anaerobic  bodies.  From  the  lung  tissues  of  rabbits  in  seven 
of  these  series  the  anaerobic  bodies  were  recovered  in  pure  culture. 

Both  the  strain  obtained  directly  from  the  filtered  nasal  washings 
of  Case  17,  then  in  its  seventeenth  generation,  and  the  strains  derived 
from  Cases  16,  17,  and  26'  after  rabbit  passage  and  glycerolation, 
produced  the  typical  effects  described  above.  The  following  protocols 
illustrate  the  similarity  of  the  clinical  effects  produced  by  the  human 
and  the  rabbit  strains. 

Protocol  1. — Preliminary  observations  on  a  rabbit  for  2  days  prior  to  inocula- 
tion gave  the  following  results:  temperature  39°  and  38.9°C.;  total  leucocytes 
15,200  and  16,000;  mononuclear  cells  5,168  and  7,360.  Oct.  18,  1920.  Inocu- 
lated intratracheaUy  with  3  cc.  of  the  growth  of  a  second  generation  mass  cul- 
ture from  the  fifth  rabbit  passage  of  material  from  Case  16.  Oct.  19.  Tempera- 
ture 39.6°C.;  total  leucocytes  8,000,  of  which  2,640  were  mononuclears.  Oct.  20. 
Temperature  39.6°C.;  total  leucocytes  10,400,  of  which  2,808  were  mononuclears 
(Text-fig.  1).  Rabbit  killed.  The  lungs  showed  the  hemorrhagic,  edematous 
changes  regarded  as  typical. 
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Another  rabbit  injected  with  the  third  generation  mass  culture  of  the  same 
strain  showed  a  similar  picture  of  leucopenia  and  mononuclear  depression.  The 
rabbit  was  allowed  to  recover.    This  condition  lasted  for  3  days  (Text-fig.  2). 
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Text-Fig.  2. 


Text-Fig.  1.  Effect  on  blood  and  temperature  of  the  intratracheal  injection 
of  the  cultivable  bodies  in  a  rabbit.  The  rise  in  temperature  and  the  leucopenia 
due  to  mononuclear  depression  are  noteworthy. 

Text-Fig.  2.  The  same  as  Text-fig.  1  except  that  in  this  case  the  animal  was 
allowed  to  recover.    The  persistence  of  the  effects  for  3  days  is  seen. 

The  next  protocol  is  presented  to  show  the  effect  of  inoculation  of 
a  strain  obtained  by  cultivating  the  nasopharyngeal  secretions  from 
a  human  case. 
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Protocol  2.— Jan.  6,  1921.  A  rabbit  with  normal  temperature,  39''C.,  total 
leucocytes  10,400,  of  which  4,472  were  mononuclears,  was  injected  intratracheally 
with  3  cc.  of  the  growth  in  the  seventeenth  generation  mass  culture  of  a  strain 
from  the  filtered  nasopharyngeal  washings  of  Case  17.  24  hours  later  the  ani- 
mal showed  a  mild  conjunctivitis,  temperature  39.5°,  total  leucocytes  6,400,  of 
which  1,152  were  mononuclears.  Jan.  8.  The  conjunctivitis  was  severe,  total 
leucocytes  8,000,  of  which  2,400  were  mononuclears.  The  lungs  showed  the 
lesions  regarded  as  typical.  The  anaerobic  bodies  were  recovered  in  pure  culture 
from  the  lung  tissue.  The  injection  of  this  culture  produced  similar  effects  in  a 
second  rabbit,  from  the  lung  tissues  of  which  the  strain  was  again  recovered.'" 

Several  series  of  experiments  were  made  with  guinea  pigs  instead 
of  rabbits.  In  this  species  the  response  to  the  intratracheal  inocu- 
lation of  cultures  was  similar  to  that  obtained  in  rabbits,  and  from  the 
afifected  lungs  of  the  guinea  pigs,  the  cultivable  bodies  were  recovered. 

Among  the  specimens  of  afifected  lung  tissue  preserved  in  50  per 
cent  glycerol  were  several  which  had  come  from  rabbits  injected  with 
cultures  of  the  anaerobic  bodies.  Although  subsequent  direct  culti- 
vations of  these  preserved  specimens  gave  negative  results,  the 
same  bodies  were  recovered  from  rabbit  passages  of  the  glycerolated 
material  containing  them.  We  thus  have  evidence  that  the  bodies 
themselves  do  withstand  glycerolation.  The  lungs  from  which  these 
bodies  were  recovered  by  animal  passage  were  immersed  in  glycerol 
for  periods  up  to  4  months. 

DISCUSSION. 

These  experiments  seem  definitely  to  connect  the  cultivable  bodies 
with  the  clinical  effects  and  lesions  induced  in  rabbits  and  guinea 
pigs  by  the  intratracheal  injections  of  nasopharyngeal  washings 
from  patients  with  uncomplicated  epidemic  influenza. 

From  the  lung  tissues  of  such  affected  animals  the  morphologically 
and  culturally  characteristic  bodies  have  been  obtained  in  pure 
culture  on  special  media  by  a  strictly  anaerobic  technique.  The 
bodies  have  been  cultivated  in  successive  generations  without  change 
in  character.     When  injected  intratracheally  into  rabbits  and  guinea 

'"The  relation  of  ordinary  bacteria  in  regard  to  their  ability  to  produce  con- 
current or  secondary  infections  in  the  presence  of  the  cultivable  bodies  will  form 
the  basis  of  another  paper. 
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pigs,  they  have  given  rise  to  pathological  lesions  in  all  respects  similar 
to  those  from  which  they  were  obtained. 

From  the  lesions  the  typical  bodies  have  again  been  recovered  in 
pure  culture  by  the  method  employed  for  their  primary  isolation. 
Comparison  of  the  strains  thus  derived  from  animal  passages  with 
those  obtained  directly  from  filtered  human  nasopharyngeal  washings 
shows  them  to  be  identical  in  morphology  and  cultural  characters. 
Finally,  both  the  active  material  of  the  transmission  experiments 
and  the  cultivable  bodies  obtained  from  similar  sources  withstand 
glycerolation  and  pass  through  Berkefeld  V  and  N  filters. 

We  feel,  therefore,  that  the  active  material,  pathogenic  for  rabbits 
and  guinea  pigs,  found  in  the  nasopharyngeal  secretions  of  patients 
in  the  early  hours  of  uncomplicated  epidemic  influenza  has  been 
identified  in  the  anaerobic  organism  described  in  this  paper. 

It  would,  of  course,  be  a  simple  matter  to  announce  the  inciting 
or  etiological  agent  of  epidemic  influenza  in  man  to  be  the  minute, 
bacilloid  organism  here  described.  At  present  such  a  course  does 
not  seem  desirable  even  though  the  clinical  and  pathological  effects 
induced  in  the  rabbit  simulate  so  closely  the  phenomena  found  in 
epidemic  influenza  in  man.  Apparently  we  are  at  the  threshold  of 
our  knowledge  of  a  group  or  class  of  minute  microorganisms  which 
the  anaerobic  Smith-Noguchi  technique  has  thrown  open  to  exploita- 
tion. It  seems  wiser,  therefore,  to  defer  decision  of  the  precise 
relation  which  the  species  described  in  this  and  previous  communi- 
cations bears  to  epidemic  influenza  until  further  experience  is  obtained. 

In  the  meantime  it  is  desirable  to  give  the  microorganism  a  name, 
and  since  a  striking  feature  of  its  effect  in  rabbits  is  to  diminish  the 
resistance  of  the  lungs  to  the  action  of  ordinary  pathogenic  bacteria, 
as  will  be  shown  in  a  forthcoming  paper,  the  name  of  Bacterium 
pneumosinles  is  proposed  (from  -wythtu^v,  lung,  -H  (7lvTr]s,  injurer, 
or  devastator). 

SUMMARY  AND   CONCLUSIONS. 

From  the  filtered  nasopharyngeal  washings  of  patients  in  the  first 
36  hours  of  uncomplicated  epidemic  influenza  and  rarely  in  later 
stages  of  the  disease,  we  have  cultivated  a  minute  bacilloid  body. 
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Bacterium  pneuniosintcs ,  0.15  to  0.3  microns  in  length,  of  constant 
cultural  characters  and  capable  of  indefinite  propagation  on  artificial 
media.  This  organism,  not  of  the  nature  of  ordinary  bacteria,  was 
also  recovered  in  pure  culture  from  the  unfiltered  and  filtered  lung 
tissue  of  rabbits  and  guinea  pigs  inoculated  with  unfiltered  and 
filtered  nasopharyngeal  washings  of  early  influenza  cases,  both  from 
the  first  epidemic  of  1918-19  and  from  the  second  one  of  1920.  The 
organism  grows  only  under  strictly  anaerobic  conditions,  passes 
Berkefeld  V  and  N  filters,  and  withstands  the  action  of  sterile  50  per 
cent  glycerol  for  a  period  of  months.  ' 

It  has  been  recovered  from  cultures  contaminated  with  a  variety 
of  ordinary  bacteria  such  as  Bacillus  pfeifferi,  pneumococci,  strepto- 
cocci, and  staphylococci,  and  has  been  experimentally  cultivated  in 
symbiosis  with  them. 

Similar  cultivation  of  control  materials  uniformly  failed  to  yield 
growths  of  this  organism.  The  materials  tested  consisted  of  the 
unfiltered  and  filtered  nasophar^-ngeal  washings  of  persons  free  from 
influenza,  some  of  whom  were  suffering  from  acute  coryza,  the  lung 
tissue  of  normal  rabbits  and  of  rabbits  with  bacterial  respiratory 
infections,  and  the  uninoculated  media. 

The  intratracheal  injection  in  rabbits  and  guinea  pigs  of  mass 
cultures  of  this  organism  has  induced  effects  on  the  blood  and  lungs 
of  these  animals  which  are  not  to  be  distinguished  from  those  obtained 
with  the  nasopharyngeal  secretions  of  patients  in  the  early  hours  of 
epidemic  influenza.  From  the  pulmonary  lesions  thus  induced  the 
same  organism  has  been  recovered  in  pure  culture,  and  has  been 
found  to  cause  similar  lesions  on  subsequent  animal  passage.  Its 
pathogenicity  is  not  lost  by  prolonged  artificial  cultivation. 

Our  experiments  indicate  that  the  cultivable  bodies  obtained 
directly  from  human  nasopharjTigeal  w-ashings  and  from  affected 
rabbit  lungs  are  strains  of  the  same  organism.  This  organism  appears 
to  be  the  source  of  the  reactions  which  occur  in  experimental  animals 
— rabbits  and  guinea  pigs — as  a  result  of  the  intratracheal  injection 
of  nasophar>'ngeal  washings  obtained  during  the  early  hours  of  imcom- 
plicated  epidemic  influenza  in  man. 
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EXPLANATION  OF  PLATES. 
Plate  95. 

Fig.  1.  The  construction  of  mass  culture  medium,  to  the  left,  and  the  growth 
of  the  cultivable  bodies  therein,  to  the  right.  The  growth  is  derived  from  a 
rabbit's  lungs  after  8  days  incubation.  The  turbidity  of  the  semisolid  and  the 
haziness  of  the  fluid  layers  are  noteworthy.    Actual  size. 

Plate  96. 

Fig.  2.  The  cultivable  bodies  in  the  eighth  generation.  Culture  obtained 
from  a  rabbit's  lung  into  which  was  injected  material,  after  9  months  immersion 
in  glycerol,  originally  derived  from  the  filtered  nasopharyngeal  secretions  from  a 
case  of  epidemic  influenza.  Stained  with  ripened  LoefBer's  alkaline  methylene 
blue.     X  1,000. 

Fig.  3.  The  bodies  in  Fig.  2  highly  magnified.    Stained  similarly.     X  3,000. 

Fig.  4.  Comparative  size  of  the  cultivable  bodies.  An  aerobic  streptococcus 
and  a  chain  of  poliomyelitis  globoid  bodies,  indicated  by  an  arrow,  have  been 
superimposed.  The  cultivable  bodies  are  very  minute,  uniform,  and  lightly 
stained,  and  are  to  be  differentiated  from  the  small  irregular  masses,  deeply 
stained,  which  are  protein  precipitates.    All  X  1,000. 

Fig.  5.  The  cultivable  bodies  in  colony  formation.     X  1,000. 

Plate  97. 

Fig.  6.  The  gross  lesions  of  the  lungs  of  a  rabbit  inoculated  intratracheally 
with  the  first  generation  of  the  cultivable  bodies.  The  hemorrhages,  edema, 
emphysema,  and  absence  of  pneumonic  consolidation  are  noteworthy.  Natural 
size. 

Fig.  7.  These  lungs  were  obtained  from  a  rabbit  which  was  inoculated  with  the 
lungs  pictured  in  Fig.  6.  The  more  intense  lesions  of  this  second  passage  of  the 
cultivable  bodies  are  seen,  especially  the  hemorrhagic  edema  of  the  right  lung. 
Natural  size. 

Plate  98. 

Fig.  8.  Microscopic  section  of  the  lung  lesions  in  a  rabbit,  caused  by 
injecting  the  cultivable  bodies  intratracheaUy.  The  edema,  the  emphysema,  the 
hemorrhages,  and  the  cellular  exudate  are  noteworthy.     X  240. 

Plate  99. 

Fig.  9.  Another  field  of  the  same  section  shown  in  Fig.  8,  demonstrating  par- 
ticularly the  bronchial  lesions.  The  necrotic  and  exfoliated  bronchial  epithelium 
and  the  edema  of  its  walls  are  to  be  seen.  The  general  edema  and  the  vessel 
filled  with  blood  may  be  observed.     X  240. 
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JAUNDICE. 

By  PHILIP  D.  McMASTER,  M.T).,  and  PEYTON  ROUS,  M.D. 

(From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  February  1,  1921.) 

In  a  recent  paper  from  this  laboratory'  observations  were  reported 
proving  that  a  part  of  the  rabbit's  liver  can  function  for  the  whole 
as  regards  bile  elimination.  A  good  instance  in  point  is  furnished 
by  an  experiment  performed  with  another  end  in  view.  In  a  series 
of  rabbits  the  ducts  from  three-fourths  of  the  hepatic  tissue  were 
ligated  and  the  portal  branch  to  the  remaining  fourth  was  tied  at  the 
same  operation,  thus  increasing  the  portal  flow  and  by  consequence 
bile  formation  in  the  mass  with  obstructed  ducts.  Under  such  cir- 
cumstances the  entire  burden  of  bile  eUmination  was  laid  on  a  mere 
quarter  of  the  parenchyma,  and  this  supplied  with  blood  only  by  the 
hepatic  artery,  a  source  furnishing  approximately  two-fifths  of  the 
normal  quantity  if  one  may  judge  from  data  obtained  in  dogs.^  Yet 
the  rabbits  remained  unjaiindiced  and  healthy.  More  recent  obser- 
vations upon  dogs  have  convinced  us  that  the  experiment  will  yield 
a  similar  result  with  them.  And  it  has  been  a  surprise  to  discover 
on  a  search  of  the  literature  that  no  general  recognition  exists  of  the 
large  margin  of  safety  of  the  liver  in  bile  elimination.  On  the  con- 
trary, frequent  categorical  statements  may  be  found  to  the  effect 
that,  in  man  at  least,  jaundice  is  often  caused  by  lesions  affecting 
only  a  small  proportion  of  the  hepatic  parenchyma. 

Quincke  and  Hoppe-Seyler'  state  that  transient  obstruction  of  a  small  duct 
branch  may  bring  about  the  absorption  of  sufficient  bile  to  lead  to  a  clinical 

'  Rous,  P.,  and  Larimore,  L.  D.,  J.  Exp.  Med.,  1920,  xxxi,  609. 
^Macleod,  J.  J.  R.,  and  Pearce,  R.  G.,  Am.  J.  Physiol.,  1914,  xxxv,  87. 
^  Quincke,  H.  I.,  and  Hoppe-Seyler,  G.,  in  Nothnagel,  N.,  Specielle  Pathologie 
und  Therapie,  Vienna  and  Leipsic,  2nd  edition,  1912,  xviii. 
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jaundice.  The  obstruction  may  be  difficult  to  find  at  autopsy  and  the  small 
ducts  should  be  carefully  searched  for  it.  According  to  Eppinger''  icterus  is 
roughly  proportional  in  intensity  to  the  size  of  the  occluded  ducts,  and  localized 
inflammatory  processes  may  cause  it.  Rolleston^  believes  that  it  follows  the  occlu- 
sion of  one  branch  of  the  hepatic  duct  although  the  other  continues  to  pour  bile 
into  the  intestine;  but  not  so  according  to  Naunyn*  who  asserts  that  icterus  under 
these  circumstances  fails  to  develop  save  when  there  is  a  complicating  Cholangie. 
KrehF  holds  that  icterus  occurs  in  many  diseases  through  local  stagnation  and 
resorption.  Recently  van  der  Bergh  and  Snapper'  have  called  attention  to  the 
fact  that  intrahepatic  tumors  of  considerable  size,  and  manifestly  occluding  many 
ducts,  are  often  unaccompanied  by  jaundice,  whence  it  follows  in  their  opinion 
that  local  lesions  in  general  must  frequently  exist  without  causing  an  accumula- 
tion of  bile  pigment  in  the  organism. 

The  divergence  of  opinion  illustrated  by  these  specimen  citations 
is  obviously  the  result,  first,  of  a  lack  of  experimental  evidence  on 
the  essential  point  at  issue — the  ability  of  a  part  of  the  hver  to  act 
for  the  whole  as  concerns  bile  elimination — and,  second,  of  conclusions 
from  clinical  instances  complicated  by  many  factors. 

For  the  work  here  to  be  described  dogs  and  monkeys  have  been 
employed.  Rabbits  could  not  be  used  because  their  bile  pigment 
fails  to  react  satisfactorily  to  the  ordinary  tests. 

Criteria  of  Bile  Retention. 

The  clinician  as  a  rule  is  first  apprized  of  deficient  bile  elimination 
in  his  patient  by  the  development  of  bilirubinuria  with  or  without  a 
tissue  icterus.  As  our  prime  aim  has  been  to  determine  how  much 
biliary  obstruction  may  exist  without  clinical  manifestations,  the 
tests  in  current  use  have  been  adopted  for  the  work. 

These  tests  as  applied  to  the  blood  are  ^'ery  unsatisfactory.  The  Gmelin 
reaction  with  blood  serum,  so  strongly  advocated  by  French  workers,'  is  yielded 
only  when  bilirubinemia  is  obvious  to  the  eye,  while  furthermore  lutein  gives  a 

*  Eppinger,  H.,  Ergebn.  inn.  Med.,  1908,  i,  107. 

*  RoUeston,  H.  D.,  Diseases  of  the  liver,  London,  2nd  edition,  1912. 
^  NaunjTi,  B.,  Mill.  Grenzgeb.  Med.  u.  Chir.,  1919,  xxxi,  537. 

'  Krehl,  L.,  Pathologische  Physiologie,  Leipsic,  9th  edition,  1918,  571. 
8  van  der  Bergh,  A.  A.  H.,  and  Snapper,  J.,  Berl.  klin.  Woch.,  1914,  i,  1109. 
'  Gilbert,  A.,  Herscher,  M.,  and  Posternak,  S.,  Compt.  rend.  Soc.  biol.,  1903,  Iv, 
530;  1905,  Ivii,   250. 


PHILIP   D.   MCMASTER   AND   PEYTON  ROUS  733 

positive  reaction;  and  the  intensity  of  color  of  the  plasma  itself ,  save  in  outspoken 
cases,  is  trustworthy  only  in  the  absence  of  hemolysis  and  of  extraneous  pigments 
such  as  carotin.  The  reactions  of  Obermeyer  and  Popper'"  have  proved  in  our 
hands  little  more  sensitive  than  that  of  Gmelin.  The  diazo  test  recently  advo- 
cated by  van  der  Bergh  and  Snapper''  is  delicate,  and  promises  to  be  of  great 
clinical  value,  but  its  use  has  been  limited  as  yet  and  it  is  not  entirely  specific.'^ 
We  have  employed  it  in  the  present  work  in  its  negative  aspect,  as  the  criterion 
wherewith  to  rule  out  bilirubinemia,  for  which  it  would  seem  highly  suitable. 
None  of  many  dog  sera  obviously  stained  with  bUe  has  failed  to  give  the  test, 
and  the  unstained  sera  have  regularly  proved  negative. 

The  diazo  reagent  is  a  mixture,  made  fresh  each  day,  of  the  following  stock 
solutions,  (o)  5  gm.  of  sulfanilic  acid  and  50  cc.  of  hydrochloric  acid  in  1,000  cc. 
of  distilled  water,  {b)  0.5  per  cent  solution  of  sodiimi  nitrite  in  distilled  water. 
For  use  1  part  of  (b)  is  added  to  50  of  (a). 

The  oxalated  or  citrated  plasma  to  be  tested  is  first  shaken  briefly  with  two 
volumes  of  95  to  96  per  cent  alcohol  and  centrifuged  to  throw  out  the  precipitate 
that  forms.  The  supernatant  fluid  will  now  contain  all  of  the  bilirubin  unless  the 
plasma  held  very  large  quantities,  in  which  case  some  will  be  carried  down  with 
the  precipitate  and  must  be  extracted  with  64  per  cent  alcohol  if  a  quantitative 
result  is  to  be  obtained.  On  the  addition  of  the  diazo  reagent  to  the  fluid  con- 
taining bilirubin,  in  the  proportion  of  1  part  to  4,  the  beautiful  violet  tint  of 
azobihrubin  appears  after  a  few  minutes.  To  determine  its  amount  a  colorim- 
eter is  used  and  a  solution  of  pure  bilirubin  in  chloroform  (5  mg.  per  100  cc.) 
to  give  with  the  reagent  a  standard  tint. 

The  Gmelin  reaction  has  been  used  to  detect  bilirubinuria,  and  to  quantitate  it 
Hooper  and  Whipple's"  modification  of  Salkowski's  method  has  been  employed 
as  routine.  The  sodium  nitrite-nitric  acid  solution  recommended  by  Gilbert, 
Herscher,  and  Posternak'  has  been  found  to  yield  a  better  Gmelin  response  than 
the  ordinary  fuming  nitric  acid. 

In  contrast  with  the  tests  just  mentioned,  those  for  bUe  salts  in  the  urine  are 
none  of  them  satisfactory.  Pettenkofer's  reaction  was  employed  for  one  series  of 
dogs,  but  Hay's  sulfur  reaction  was  adopted  for  most  of  the  animals  as  less  open 
to  technical  error  and  relatively  specific.''*  Attempts  to  detect  chelates  in  the 
blood  were  after  many  trials  abandoned.  The  method  recently  described  by 
Hoover  and  Blankenhorn'^  whereby  the  salts  are  separated  out  by  dialysis  and 

">  Obermeyer,  F.,  and  Popper,  H.,  Wien.  med.  Woch.,  1910,  bt,  2592. 
"  van  der  Bergh,  A.  A.  H.,  and  Snapper,  J.,  Deutsch.  Arch.  klin.  Med.,  1913, 
ex,  540. 

'2  Koessler,  K.  K.,  and  Hanke,  M.  T.,  J.  Biol.  Chem.,  1919,  xxxix,  497. 
"Hooper,  C.  \V.,  and  Whipple,  G.  H.,  Am.  J.  Physiol.,  1916,  xl,  332. 
'■*  Lyon-Caen,  L.,  /.  physiol.  et  path,  gen.,  1910,  xii,  526. 
'5  Hoover,  C.  P.,  and  Blankenhorn,  M.  A.,  Arch.  Int.  Med.,  1916,  xviii,  289. 
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concentrated  failed  regularly  in  our  hands  to  give  positive  results  with  theplasmas 
of  jaundiced  dogs  excreting  cholates  through  the  kidneys.  This  may  have  been 
due  to  the  lack  in  the  dog  of  a  renal  threshold  for  bile  salts  such  as  in  man  leads 
to  their  accumulation  in  the  circulation. 

The  Renal  Threshold  for  Bilirubin. 

In  man,  as  is  well  known,  the  normal  blood  plasma  has  a  yellow 
color  owing  to  the  presence  of  bilirubin;  and  a  considerable  increase 
in  the  pigment  may  occur  without  the  passage  of  any  into  the  urine, 
much  less  the  appearance  of  a  tissue  icterus.'^  According  to  van  der 
Bergh  and  Snapper'^'"  the  plasma  of  healthy  dogs  is  colorless  and 
this  has  been  our  own  finding  except  in  animals  with  "physiological 
jaundice"  induced  by  fasting.  The  plasma  of  normal  monkeys  is 
also  in  our  experience  practically  colorless  and  fails  to  give  the  diazo 
reaction.  We  have  further  noted  that  in  both  dogs  and  monkeys 
bilirubinemia  never  occurs  without  bilirubinuria,  while  in  dogs,  at 
least,  bile  pigment  is  frequently  to  be  found  in  the  urine  when  it 
cannot  be  demonstrated  in  the  circulation  (Table  I). 

The  state  of  the  urine,  then,  furnishes  a  more  delicate  criterion  of 
icterus  in  the  dog  than  does  that  of  the  blood.  The  conditions  are 
very  different  in  man.  In  man,  owing  to  the  high  renal  threshold  for 
bilirubin  a  considerable  accumulation  of  pigment  takes  place  in  the 
blood  before  any  escapes  into  the  urine,  and  consequently  one  must 
reckon  from  a  base-line  of  normal  pigment  retention  in  work  upon 
defective  bile  elimination.  This  complicating  factor  does  not  exist 
in  the  dog  and  monkey.  Such  a  renal  threshold  as  is  present  in 
these  animals — and  a  priori  one  would  be  expected  on  grounds  of 
biological  relationship — has  so  slight  an  elevation  as  to  produce  no 
evidence  in  the  blood  of  its  presence. 

Method. 

The  animals  were  kept  in  metabolism  cages  and  the  24  hour  urines  were  exam- 
ined for  a  number  of  days  prior  to  operation,  as  regards  their  general  character  and 
the  presence  of  bile  salts  and  pigments.  The  monkeys  were  males,  but  most  of  the 
dogs  chosen  were  females  and  with  one  exception  (No.  10)  none  was  taken  which 

I*' van  der  Bergh,  A.  A.  H.,  and  Snapper,  J.,  Bed.  klin.  Woch.,  1914,  li,  1109. 
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showed  spontaneous  icterus,  so  called.  Throughout  the  work  the  routine  tests 
were  carried  out  upon  cage  urines,  but  positive  findings  were  controUed  by  cathe- 
terization. At  more  or  less  frequent  intervals,  as  occasion  warranted,  the  blood 
was  examined  for  bilirubin.  The  monkeys  were  fed  on  bananas,  the  dogs  on  bread 
and  meat. 

The  bOiary  obstruction  was  induced  by  ligating  and,  where  possible,  cutting 
various  branches  of  the  hepatic  duct  under  ether  anesthesia.  Asepsis  was  main- 
tained, and  the  wound  in  the  abdominal  wall  closed  in  three  layers.  When  the  free 
portion  of  the  duct  to  be  obstructed  was  too  short  to  be  doubly  tied  and  cut,  sev- 
eral stout  ligatures  were  laid  upon  it,  a  procedure  which  in  the  dog  generally 
served  to  close  the  duct  throughout  the  term  of  experiment.  Indeed,  we  have 
been  but  Httle  troubled  with  the  restoration  of  the  duct  channels  by  the  cutting 
through  of  ligatures,  possibly  because  of  the  large  caliber  of  the  silk  used.  In 
monkeys,  on  the  other  hand,  even  coarse  ligatures  were  found  to  work  through  the 
duct  walls  within  10  days  to  2  weeks,  and  either  the  continuity  of  the  channel  was 
reestabhshed,  or  a  leak  from  it  led  to  death.  Needless  to  say,  at  every  autopsy  a 
careful  study  was  made  of  the  final  results  of  operation  and  cultures  were  taken 
from  the  liver  and  the  stasis  bile.  The  animals  were  killed  with  chloroform. 
Instances  in  which  infection  existed  were  ruled  from  consideration. 

Arrangement  of  the  Dog  and  Monkey  Livers. 

The  main  liver  mass  of  the  dog  consists  of  the  left  lateral  and  central  and  right 
central  lobes  with  the  ill  defined  quadrate  lobe  as  an  essential  part  of  the  last 
which  also  bears  the  gaU  bladder  on  its  under  surface.'^  There  is  another  mass, 
separate  both  by  contour  and  tissue  cleavage,  the  lateral  mass  as  we  shall  term 
it,  which  Ues  just  above  and  to  the  right  of  the  pylorus  and  is  made  up  of  the  right 
lateral  and  caudate  lobes.  The  main  liver  contains  on  the  average  about  six- 
tenths  of  the  parenchyma,  the  lateral  mass  about  three-tenths.  The  remaining 
one-tenth  consists  of  the  papillar>-,  or  Spigelian,  lobe  placed  below  the  main  hver 
and  separated  from  the  lateral  mass  by  the  gastrohepatic  omentum,  but  con- 
nected with  both  by  tissue  bridges.  The  course  of  the  bUe  ducts  falls  in  roughly 
with  the  anatomical  arrangement  of  the  tissue  which  they  drain.  A  large  branch 
coming  from  the  left  lateral  and  central  lobes  joins  another  from  the  right  cen- 
tral and  caudate  lobes, — into  which,  by  the  way,  the  cystic  duct  opens, — and 
thus  there  is  formed  a  large  main  channel  into  which  the  small  papillary  branch 
empties,  and,  lower  down,  within  a  few  centimeters  of  the  intestine,  the  consider- 
able duct  from  the  lobe  mass.  Frequent  marked  variations  from  this  t>'pical 
arrangement  are  encountered.  Thus,  for  example,  the  branch  from  the  lobe  mass 
may  course  toward  the  main  liver  to  join  that  from  the  right  central  and  caudate 
lobes.    Or  the  branch  which  appears  to  spring  from  the  whole  left  central  and 

''  Bradley,  O.  C,  A  guide  to  the  dissection  of  the  dog,  London,  New  York, 
Bombay,  and  Calcutta,  1912. 
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lateral  lobes  may  in  reality  drain  but  a  small  portion  of  these,  their  bile  emptwng 
for  the  most  part  Into  the  just  mentioned  duct  from  the  right  central  and  caudate 
lobes.  Large  vasa  aberrantia  are  frequent.  They  may  be  patent  and  filled  with 
bile  for  several  centimeters  above  their  junction  with  the  common  duct,  but  stop 
short  of  the  liver  tissue  or  cease  thereabouts  to  be  patulous.  A  mistaken  depen- 
dence upon  such  vessels  for  bile  elimination  has  in  some  of  our  experiments  led  to 
the  development  of  total  obstruction  when  a  partial  one  had  been  projected. 

The  liver  lobes  are  in  general  defined  by  a  cleavage  of  the  parenchyma  nearly 
to  the  hUum  of  the  organ;  and  when  there  is  but  one  duct  from  a  lobe  or  group  of 
lobes  its  obstruction  leads  to  stasis  throughout  the  tributary  region.  The  pro- 
portion of  the  total  liver  affected  can  be  readily  determined  under  such  circum- 
stances. Potentially,  at  least,  the  case  is  different  when  there  are  two  ducts  or 
more  to  a  lobe  and  one  is  left  open.  Under  such  circumstances  relief  may  perhaps 
come  to  the  area  in  stasis  through  newly  opened  channels  into  the  unobstructed 
neighboring  tissue.  For  it  is  well  known  that  the  bile  canaUculi  anastomose 
freely  within  the  lobules.  That  no  relief  comes  of  a  magnitude  meriting  consid- 
eration will  be  shown  further  on.  The  main  difficulty  lies  in  determining  the 
exact  amount  of  tissue  in  stasis. 

Table  II  gives  the  weights  of  the  liver  lobes  of  twenty-nine  normal  dogs,  ex- 
pressed in  percentages  of  the  organ.  In  all  cases  the  liver  was  removed  before  the 
blood  had  clotted.  It  will  be  seen  that  there  is  a  rather  large  individual  variation 
in  the  tissue  distribution. 

The  monkey  liver  is  divided  into  five  lobes,  much  as  in  the  rabbit,  and  these  are 
grouped  into  a  main  liver  and  a  lateral  mass,  which  are  connected  at  the  base 
by  a  broad  tissue  bridge,  as  are  the  individual  lobes  also.  A  single  short  duct 
comes  from  each  of  the  masses  mentioned,  and  these  unite  to  form  an  hepatic 
duct  into  which  the  cystic  duct  enters  lower  down,  as  in  human  beings.  None  of 
the  ducts  from  the  individual  lobes  save  that  from  the  caudate  is  accessible  to 
ligation.  This  circumstance  like  that  of  the  early  cutting  through  of  the  ligatures 
has  much  hampered  our  observations. 

"Physiological  Jaundice." 

Investigators  upon  icterus  in  the  dog  agree  that  it  is  frequently- 
encountered  in  mild  form  in  animals  that  appear  normal.  Naunyn'* 
showed,  as  far  back  as  1869,  that  fasting  for  24  hours  regularly  leads 
in  most  dogs  to  the  appearance  of  bile  pigment  and  salts  in  the  urine. 
The  icterus  is  not  dependent  on  increased  concentration  of  the  urine, 
though  it  is  made  more  evident  thereby.  A  bilirubinuria  from  fasting 
was  a  frequent  complicating  factor  in  our  early  e.xperiments,  occurring 

'*  Naunyn,  B.,  Arch.  Anat.,  Physiol,  u.  mssensch.  Med.,  1869,  579. 
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regularly  in  the  Sunday  to  Monday  24  hour  specimen  of  unoperated 
animals  as  a  result  of  the  small  ration  of  the  day  first  mentioned. 
When  a  full  diet  was  provided  on  Sundays  intercurrent  icterus  became 
rare  and  often  was  traceable  to  disease.  It  was  never  found  as 
the  result  of  anesthesia  or  of  the  trauma  of  operation.  In  monkeys 
a  fasting  icterus  was  not  noted,  although  it  is  said  to  develop  occasion- 
ally in  human  beings.' 

In  v-iew  of  these  facts  it  seemed  wise  to  keep  several  normal  animals 
under  observation  with  the  operated  ones  as  a  control  to  intercurrent 
manifestations,  and  this  was  accordingly  done. 

Results  of  Total  Obstruction  in  the  Dog. 

In  sixteen  dogs  total  obstruction  was  produced,  sometimes  by 
ligating  and  severing  the  common  duct,  but  more  frequently  by 
cutting  its  large  tributaries  after  their  individual  ligation.  The 
tissue  icterus  that  followed  was  never  as  pronounced  as  in  human 
beings  under  similar  conditions  but  in  all  cases  was  easily  recognizable, 
while,  in  all,  bile  pigment  became  abundant  in  the  blood  and  urine.'' 
The  tissue  icterus  was  first  visible  on  the  5  th  to  10th  day,  as  yellowed 
scleras.  The  results  in  four  of  the  sixteen  dogs  which  were  followed 
with  special  care  have  been  tabulated  (Table  III) . 

The  first  sign  of  biliary  obstruction  was  the  appearance,  as  a  rule, 
of  pigment  in  the  urine  during  the  second  or  third  24  hours  after 
operation  but  sometimes  earher.  The  delay  is  due,  as  Affanassiew 
showed,^"  to  bile  accumulation  in  the  gall  bladder  and  distended 
ducts:  when  he  filled  these  reservoirs  vnth  wax  at  the  time  of 
operation  icterus  developed  very  much  more  promptly.  BiHru- 
binemia  was  usually  noted  within  24  hours  after  bihrubinuria,  and 
cholates  were  recognizable  in  the  urine  on  the  3rd  or  4th  day.  At 
autopsy  of  the  dogs,  after  9  to  46  days  of  obstruction,  a  general 
tissue  jaundice  was  regularly  found,  the  liver  being  especially  aS'ected. 

1'  We  have  since  autopsied  an  animal  in  which  after  9  days  of  total  obstruction 
no  tissue  icterus  was  discoverable.  Urine  and  plasma  were  markedly  tinted 
with  bilirubin.  There  is  little  doubt  that  tissue  pigmentation  would  have  occurred 
in  a  day  or  so  more. 

"Affanassiew,  M.,  Z.  klin.  Med.,  1883,  vi,  281. 
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Resttlts  of  Partial  Obstruction  in  the  Dog. 

Partial  obstruction  was  produced  in  ten  dogs.  Bile  accumulation 
within  these  animals  would  presumably  take  place  more  slowly  than 
on  total  obstruction,  owing  to  the  smaller  amoimt  of  tissue  in  stasis 
and  to  the  eliminative  activities  of  the  unobstructed  portion.  For 
these  reasons  no  animal  was  considered  to  have  given  negative  results 
as  regards  icterus  until  at  least  10  days  after  operation  and  most 
were  kept  under  observation  for  several  weeks.  As  we  shall  point 
out  further  on,  the  unobstructed  liver  portion  undergoes  some  hyper- 
trophy within  10  days,  while  that  in  stasis  atrophies,  and  thus  the 
tendency  to  bile  retention  must  soon  be  counteracted  by  lessened 
secretion  in  iJie  region  of  stasis  combined  with  increased  facilities 
for  elimination. 

In  four  dogs  approximately  seven-tenths  of  the  liver  parench>-ma 
was  placed  in  stasis,  in  two  others  about  three-fourths,  in  two,  four- 
fifths,  and  in  two  about  nineteen-twentieths.  Table  III  summarizes 
the  findings.  Tissue  icterus  is  not  recorded  because  it  was  never 
observed,  even  when  the  eliminative  burden  had  been  thrown  abruptly 
upon  a  mere  twentieth  of  the  liver. 

In  the  four  animals  in  which  the  duct  from  the  lateral  mass,  draining 
on  the  average  29  per  cent  of  the  whole  organ,  was  alone  left  open, 
bile  pigment  and  salts  were  never  demonstrable  in  blood  or  urine 
save  on  days  when  they  were  also  present  in  control  animals  from 
the  same  intercurrent  cause,  namely,  fasting.  This  was  the  case  too 
when  the  free  duct  was  that  from  the  left  lateral  lobe  containing  27.6 
per  cent  of  the  tissue.  A  slightly  greater  degree  of  obstruction, 
produced  by  tjdng  and  cutting  all  the  ducts  except  that  to  the  right 
lateral  lobe,  or  18  per  cent  of  the  liver,  resulted  in  the  appearance  of 
bile  salts  in  the  urine  during  the  2nd  week  after  operation,  occasionally 
accompanied  in  one  animal  by  bile  pigment  as  shown  with  the  Gmelin 
test.  The  amount  of  pigment  was  always  too  sKght  to  be  quantitated, 
and  bilirubinemia  was  not  observed.  Finally,  when  all  the  ducts 
were  closed  except  that  from  the  little  papillary  lobe,  which  holds 
from  3.8  to  7.3  per  cent  of  the  liver  rissue,  or  on  the  average  5.1  per 
cent,  pigment  and  cholates  did  indeed  appear  regularly  in  both  blood 
and  urine,  and  almost  as  rapidly  as  when  total  obstruction  had  been 
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produced.  In  the  two  instances  studied  a  sufficient  bile  elimination 
took  place,  however,  to  prevent  tissue  icterus  during  the  15  days  of 
observation,  and  in  view  of  the  papillary  hypertrophy  found  at  the 
end  of  this  period  there  is  but  slight  reason  to  suppose  that  a  greater 
retention  would  have  occurred  later. 

The  four  nomial  dogs  that  shared  the  general  conditions  of  the 
operated  animals  and  were  followed  in  the  same  way  yielded  findings 
that  were  several  times  of  great  value,  disclosing  that  bilirubinuria 
and  choluria  noted  in  the  operated  animals  were  "physiological," 
from  food  deprivation.  In  this  connection  it  seemed  of  interest  to 
determine  whether  animals  with  seven-tenths  of  the  liver  in  bile 
stasis  would  show  fasting  icterus  more  readily  than  nomial  controls. 
Accordingly  during  a  period  of  6  days  several  animals  of  each  sort 
were  fed  only  a  thin  bouillon.  This  they  took  in  quantity  with  result 
that  the  urinary  output  remained  large.  The  experiment  will  be  set 
forth  in  detail  in  a  later  paper  on  the  physiology  of  jaundice.  Here 
we  shall  merely  state  that  while  icterus  appeared  in  most  of  the  ani- 
mals, it  developed  no  sooner  and  was  no  more  marked  in  the  operated 
individuals  than  in  the  controls. 

Liver  Adaptation. 

In  dogs  with  total  biliary  obstruction  jaundice  of  the  liver  pa- 
renchyma is  outspoken  after  a  few  days.  By  contrast,  when  obstruc- 
tion is  partial,  even  when  it  affects  nineteen-twentieths  of  the  organ, 
an  hepatic  icterus  is  not  observed.  From  this  it  is  evident  that 
vicarious  bile  ehmination  becomes  effective  very  close  to  the  source, 
so  to  speak,  a  fact  which  is  not  surprising  when  one  considers  that 
the  hepatic  cells  lie  in  the  midst  of  copious  blood  and  lymph  streams, 
which,  if  kept  free  of  bile,  should  keep  them  free  also. 

Long  continued  obstruction  to  the  ducts  from  a  part  of  the  canine 
liver  results  in  noteworthy  changes  in  the  whole  organ,  just  as  in  the 
rabbit-'  and  in  man.^^  The  portion  in  stasis  gradually  becomes 
sclerotic  by  an  interlobular  proliferation  of  the  connective  tissue, 
and  the  parenchymal  cells  undergo  a  gradual  simple  atrophy,  and  may 

^'  Nasse,  Verhandl.  deulsch.  Ges.  Chir.,  1894,  xxiii,  pt.  2,  525. 

^^Carnot,  P.,  and  Harvier,  P.,  Arch.  ined.  exp.  el  aiMt.  path.,  1907,  six,  76. 
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ultimately  disappear.  Meanwhile,  the  tissue  with  duct  unobstructed 
gradually  hypertrophies.  The  underlying  causes  for  these  alter- 
ations have  been  analyzed  in  a  previous  paper  from  this  laboratory.' 
In  the  dog  they  take  place  far  more  slowly  than  in  the  rabbit.  A 
parenchymal  shift  is  usually  not  discernible  in  less  than  10  days,  but 
after  a  month  may  be  very  marked.  At  this  time  the  mass  in  stasis 
may  be  much  shrunken,  with  finely  hobnailed  surface.  Needless 
to  say,  instances  free  of  infection  are  here  alone  referred  to.  The 
region  with  obstructed  bile  channels  is  now  sharply  demarcated  from 
the  adjacent  hypertrophic  tissue,  and  has  been  found  to  correspond 
closely  in  extent  with  the  ramifications  of  these  channels,  thus  prox-ing 
that  during  stasis  no  important  connections  open  between  the 
blocked  ducts  and  the  neighboring  free  ones. 

The  shifting  of  tissue  caused  by  local  obstruction  renders  it  impos- 
sible to  determine  exactly  from  the  weights  of  the  Hver  portions  at 
autopsy  how  much  of  the  parenchyma  was  originally  placed  in  stasis. 
But  the  anatomical  relations  and  a  knowledge  of  the  normal  propor- 
tions of  the  liver  lobes,  such  as  Table  II  affords,  enable  one  to  reach 
an  approximate  conclusion  on  this  point. 

Results  of  Biliary  Obstruction  in  the  Monkey. 

Seven  monkeys  were  used  (Table  IV).  They  ^-ielded  results 
essentially  similar  to  those  in  the  dog.  As  in  this  animal,  total 
obstruction  was  well  tolerated,  but  bilirubinuria  appeared  more 
rapidly,  developing  in  two  out  of  four  instances  within  the  first  24 
hours  after  operation.  What  would  seem  to  be  an  interesting  illustra- 
tion of  delay  in  its  appearance  owing  to  accumulation  of  bile  in  the 
ducts  and  gall  bladder  is  afforded  by  Monkey  4.  At  operation  a 
note  was  made  that  the  bile  passages  of  this  animal,  though  undis- 
tended,  were  about  three  times  the  usual  diameter.  Despite  the 
production  of  total  obstruction,  pigment  failed  to  appear  in  urine 
or  blood  until  the  5th  day  and  tissue  icterus  was  not  seen  until  the 
8th  day.  At  autopsy  all  of  the  bile  passages  were  enormously 
distended. 

The  plasma  of  monkeys  subsisting  on  a  banana  diet  is  colorless  and 
the  urine  nearly  so.     Bilirubinemia  appears  at  approximately   the 
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same  time  as  bilirubinuria,  on  the  1st  or  2nd  day  of  total  obstruction, 
and  tissue  icterus  follows  on  the  3rd  or  4th  day.  Cholates  were 
never  demonstrable  in  the  urine  by  Hay's  method.  Further  work 
would  seem  desirable  on  this  point. 

In  three  monkeys  75  to  80  per  cent  of  the  liver  was  placed  in  stasis. 
Owing  to  the  rapidity  with  which  ligatures  cut  through  the  ducts 
it  was  deemed  best  to  terminate  the  experiments  11  and  12  days 
after  operation.  Even  then  in  one  instance  there  had  been  partial 
restoration  of  the  duct  continuity  with  some  escape  of  bile  into  the 
intestine,  though  the  well  defined  anatomical  changes  in  the  liver 
indicated  that  this  was  recent.  At  no  time  did  the  blood  or  urine  of 
any  of  the  animals  contain  bihrubin.  That  this  would  have  continued 
to  be  the  case  is  shown  by  the  autopsy  findings.  For  the  livers,  even 
in  so  brief  a  time,  had  undergone  marked  alterations  in  the  direc- 
tion of  a  functional  readjustment.  The  unobstructed  tissue  was  nota- 
bly hypertrophied,  and  that  in  stasis  shrunken  and  sclerotic.  The 
changes  had  taken  place  almost  as  rapidly  as  in  the  rabbit,  far  more 
so  than  in  the  dog. 

DISCUSSION. 

The  ability  of  a  small  portion  of  the  liver  to  function  for  the  whole 
as  regards  bile  elimination  when  there  is  local  obstruction  depends 
without  doubt  upon  several  factors.  That  the  parenchymal  cells 
can  rapidly  excrete  bile  pigment  and  salts  coming  to  them  in  large 
amount  on  the  blood  stream  is  proven  by  the  promptness  with  which 
these  substances  pass  into  the  bile  when  thrown  into  the  circulation 
for  experimental  purposes.-^  Bile  constituents  formed  by  the  tissue 
in  stasis,  and  carried  away  from  it  by  the  blood  and  lymph,  will  of 
course  be  treated  similarly.  But  the  conditions  of  stasis  themselves 
tend  to  lessen  the  amount  of  bile  formed.  For  the  obstructed  ducts, 
dilating  under  pressure,  interfere  with  the  local  portal  flow"  and  divert 
a  portion  of  the  blood  and  with  it  the  functional  activities,  to  the 
more  nonnal  hepatic  regions.     There  follows  in   due  course   a  pa- 

-^  Wertheimer,  E.,  Arch,  physiol.  norm,  et  path.,  1892,  iv,  series  5,  577.  Stadel- 
mann,  E.,  Deulsch.  med.  Woch.,  1896,  xxii,  785. 

-'' Betz,  W.,  SiiEungsber.  k.  Akad.  Wissensch.  Math.-natunv.  CI.,  Wien.,  1862, 
xlvi,  238. 
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renchymal  shifting  from  the  region  in  stasis/  which,  as  time  passes, 
tends  to  become  complete.  It  is  possible,  furthermore,  that  stasis 
directly  influences  the  liver  cells  to  fomi  less  bile,  but  this  cannot 
be  profitably  discussed. 

Attempts  should  be  made  to  determine  in  human  beings  the  margin 
of  safety  in  bile  elimination.  Quantitative  studies  on  the  rate  of 
disappearance  of  jaundice  after  the  surgical  relief  of  total  bihary 
obstruction  should  provide  interesting  figures  on  the  ability  of  the 
liver  to  excrete  pigment  in  excess.  Injections  post  mortem  into  the 
bile  ducts  to  detennine  the  degree  of  obstraction  in  congenitally 
cystic  livers  and  livers  with  widespread  carcinomatosis  ought,  in 
connection  with  the  clinical  findings,  to  yield  data  of  value.  Perhaps 
the  most  direct  evidence,  though,  is  to  be  had  from  cases  of  local 
obstruction  by  intrahepatic  calculi. 

Beer,-*  who  described  many  instances  of  stones  within  the  liver, 
remarks  on  the  fact  that  even  when  numerous  and  widely  distributed 
they  often  cause  no  symptoms  during  life.  Lewisohn-^  tells  of  finding 
at  operation  a  liver  studded  with  fibrous  nodules  in  each  of  which 
was  one  or  more  gall  stones.  Yet  the  patient  had  for  a  long  time 
been  in  good  health  and  unjaundiced.  Carnot  and  Harvier^-  report 
the  complete  atrophy  of  a  liver  lobe  as  result  of  an  intrahepatic 
calculus  occurring  in  a  patient  who  was  never  jaundiced.  Such 
instances,  as  well  as  those  more  frequent  ones  of  disseminated  hepatic 
carcinomatosis  without  jaundice,  which  come  under  clinical  observa- 
tion, give  good  reason  for  the  belief  that  the  human  liver  possesses 
a  margin  of  safety  in  bile  elimination  not  inferior  to  that  of  the  dog 
and  monkey. 

There  is  a  point  of  immediate  practical  import  in  the  demonstra- 
tion that  the  biliary  obstruction  required  to  produce  jaundice  is  one 
affecting  the  greater  portion  of  the  liver.  Jaundice  is  not  infre- 
quently seen  in  association  with  abscesses  and  other  less  discrete 
inflammatory  changes  occupying  but  a  small  portion  of  the  hepatic 
tissue.  The  inference  from  such  observations  has  been  that  the 
jaundice  results  from  local  bile   resorption.     But  in  view  of   our 

25  Beer,  E.,  Med.  News,  1904,  Ixxxv,  202. 
^^Lewisohn,  R.,  Ann.  Surg.,  1916,  bdii,  535. 
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findings  this  would  seem  highly  unlikely.  Rather  should  one  think 
in  such  instances  of  a  general  injury  cither  to  the  liver  parenchyma 
or  ducts,  or  else  to  the  blood  corpuscles. 

SUMMARY. 

The  bile  ducts  from  three-quarters  of  the  liver  substance  in  dogs 
and  monkeys  can  be  obstructed  without  any  clinical  evidence  devel- 
oping of  pigment  or  cholate  accumulation  in  the  organism.  And 
in  the  dog  nineteen-twentieths  of  the  liver  substance  can  be  placed 
in  stasis  without  the  occurrence  of  tissue  icterus  such  as  regularly 
follows  total  obstruction  in  this  animal.  There  is  no  reason  to  suppose 
that  this  will  not  be  found  true  in  the  monkey  as  well.  Always  a 
local  obstruction  results  sooner  or  later  in  atrophy  of  the  afTected 
tissue  with  compensatory  hypertrophy  elsewhere.  Thus  as  time 
passes  the  derangement  of  function  produced  by  the  sudden  stasis 
is  progressively  lessened. 

The  plasma  of  the  dog  and  monkey,  unlike  that  of  man,  is  normally 
free  from  bilirubin,  and  this  pigment  so  readily  escapes  from  the 
blood  into  the  urine  that  bilirubinuria  is  often  to  be  found  in  the  dog 
in  the  absence  of  bilirubinemia,  while  the  latter  is  never  met  with 
alone  in  either  animal.  It  follows  that  in  both  species  the  renal 
threshold  for  bilirubin  is  much  lower  than  in  man, — if  indeed  one 
can  be  said  to  exist  at  all. 

The  amount  of  biliary  obstruction  required  to  produce  jaundice 
in  human  beings  is  probably  as  great  as  in  the  experimental  animals 
with  which  we  have  dealt.  The  clinical  jaundice  encountered  in 
association  with  local  liver  lesions  should  be  viewed  not  as  the  result 
of  local  bile  resorption,  but  as  due  to  a  general  injury  to  the  hepatic 
parenchyma  or  ducts,  or  to  blood  destruction. 


TUBERCULIN  HYPERSENSITIVENESS  IN  NON-TUBERCU- 
LOUS   GUINEA   PIGS    INDUCED    BY    INJECTIONS 
OF  BACILLUS-FREE  FILTRATES. 

By  frank  a.  McJUNKIN,  M.D. 

(From  the  Department  of  Pathology  of  Washington   University  Medical  School, 

St.  Louis.) 

(Received  for  publication,  February  16,  1921.) 
INTRODUCTION. 

The  hypersensitiveness  of  the  tissues  of  a  tuberculous  animal  to 
tuberculin  provides  a  means  for  the  accurate  determination  of  infec- 
tion with  Bacillus  lubcrculosis  in  man  and  domestic  animals  and 
it  has  led  to  much  valuable  experimental  work  to  explain  its 
mechanism.  Koch's  observation  that  tuberculous  animals  resist 
more  or  less  successfully  attempts  at  reinfection  has  been  repeatedly 
confirmed,  and  since  the  introduction  by  Romer  and  Joseph'  of  the 
intracutaneous  tubercuHn  test  which  is  applicable  to  guinea  pigs, 
evidence  has  been  accumulating  to  show  that  there  is  a  parallelism 
between  intensity  of  the  local  response  to  tuberculin  and  resistance 
to  reinfection.  Baldwin^  found  that  small  injections  of  killed  tubercle 
bacilli  and  various  extracts  containing  the  protein  of  the  bacillus 
sensitize  to  tuberculoprotein  so  that  anaphylactic  shock  may  be 
elicited,  but  that  such  sensitized  animals  give  no  cutaneous  response 
to  tuberculin.  Living  virulent  tubercle  bacilli  inclosed  in  Berkefeld 
filters  and  placed  in  the  peritoneal  cavity  of  guinea  pigs  did  not  lead 
to  the  development  of  a  tuberculin  reaction  in  the  animals.  In  other 
experiments  he  found  that  repeated  small  injections  of  charcoal 
saturated  with  a  filtrate  of  tubercle  bacillus  extracts,  with  a  benzene 

'  Romer,  P.  H.,  and  Joseph,  K.,  Berl.  klin.  Woch.,  1909,  v,  1300. 

2  Baldwin,  E.  R.,  Tr.  Nat.  Assn.  Study  and  Prevent.  Tuberc,  1911,  vii,  351. 
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extract  containing  tubercle  bacillus  wax,  or  with  whole  blood  or 
sera  from  tuberculous  animals  resulted  in  no  response  to  tuberculin. 
A  number  of  these  experiments  have  been  repeated  and  extended  by 
Krause'  and  by  others.  Krause  summarizes  the  results  in  the  state- 
ment that:  "There  is  no  cutaneous  hypersensitiveness  without  a 
focus  (tubercle)."  It  was  found  by  the  author*  in  the  course  of 
some  experiments  to  determine  the  effect  of  non-pathogenic  acid-fast 
bacilli  on  the  blood  leucocytes  that  injections  into  guinea  pigs  of  large 
and  small  doses  of  living  cultures  of  non-virulent  tubercle  bacilli 
(saprophytic)  were  not  followed  by  a  development  of  the  tuberculin 
reaction.' 

If  the  tuberculin  reaction  is  dependent  upon  a  hypersensitiveness 
to  a  foreign  protein,  then  the  failure  of  living  tubercle  bacilli  (sapro- 
phytic) which  have  lost  their  virulence  to  bring  about  a  tuberculin 
response  means  presumably  that  the  protein  of  these  bacilli  has  under- 
gone an  essential  change.  That  killed  cultures  of  virulent  tubercle 
bacilli  and  various  derivatives  of  these  may  not  contain  the  identical 
protein  present  in  living  virulent  ones  and  do  not  therefore  sensitize 
to  the  virulent  bacilli  or  their  products  seems  not  unlikely  in  \-iew  of 
the  vigorous  means  required  to  kill  organisms  of  the  acid-fast  group. 
No  more  definite  statement  in  regard  to  the  very  general  characters 
of  protein  sensitization  is  possible  than  that  subsequent  to  the  sen- 
sitizing dose  some  soluble  substance  passes  out  from  the  blood  or 
focal  area  of  tissue  receiving  the  injection  to  all  the  cells  and  tissues  of 
the  organism  with  the  result  that  the  cells  and  tissues  acquire  after  a 
certain  time  a  new  property  which  renders  them  susceptible  to  toxic 
injury  when  brought  into  contact  with  the  same  protein.  In  tuber- 
culosis whether  the  substance  passing  out  from  the  focus  of  infection, 
the  tubercle,  to  give  the  tuberculin  reaction  is  the  protein  of  the 

'  Krause,  A.  K.,  J.  Med.  Research,  1916-17,  xxxv,  21;  Am.  Rev.  Tuberc,  1919, 
iii,  153. 

^  Mcjunkin,  F.  A.,  J.  Med.  Research,  1921,  slii,  201. 

'One  of  the  so  called  saprophytic  cultures  was  received  from  the  Hygienic 
Laboratory  at  the  University  of  Michigan  through  the  courtesy  of  F.  G. 
Now,  and  the  other  from  the  University  of  Cincinnati  through  the  courtesy  of 
\V.  B.  Wherry.  Both  grow  rapidly  on  simple  media  and  neither  produces 
tuberculosis  in  guinea  pigs. 
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virulent  tubercle  bacillus,  a  split-product  of  this  protein,  or  some 
substance  resulting  from  the  reaction  of  the  tissue  cells  in  the  tubercle 
is  uncertain.  However  this  may  be,  it  seems  likely  that  when  viru- 
lent tubercle  bacilli  are  injected  into  the  peritoneal  cavity  of  tuber- 
culous guinea  pigs  a  certain  number  of  bacilli  are  broken  up  into 
granules  and  dissolved  in  much  the  same  way  as  some  of  them  are  in 
tubercles,  and  that  any  further  action  on  the  protein  of  the  virulent 
bacilli  which  may  follow  their  disintegration  and  solution  would 
be  of  the  same  general  nature.  Kraus  and  Hofer"  state  that  such 
solution  of  tubercle  bacilli  follows  their  injection  into  the  peritoneal 
cavity  of  tuberculous  guinea  pigs;  probably  the  so  called  Much 
granules  found  in  "cold"  abscesses  are  evidence  of  the  breakmg  up  of 
tubercle  bacilli. 

Technique  of  the  Intracutaneous  Tuberculin  Test. 

In  a  small  syringe  provided  with  a  27  gauge  |  inch  needle  0.02  cc. 
of  tuberculin'  is  diluted   up  to  0.1  cc.  with  saline  solution.     The 
needle  is  inserted,  preferably  with  the  eye  outward,  mto  the  shaved 
skin  of  the  lightest  colored  portion  of  the  abdomen  and  sufficient 
diluted   tuberculin  injected  to  raise  a  1  cm.  bleb.     This  amount, 
which  is  less  than  half  that  used  by  Romer  and  Joseph  and  by  others 
tends  to  give  a  reaction  more  definitely  localized  than  larger  amounts. 
When  introduced  properly  the  point  of  the  needle  is  distmctly  seen 
and  the  liquid  is  forced  out  against  considerable  resistance,  while  if  the 
needle  is  inserted  into  the  subcutaneous  tissue  the  liquid  is  easily 
forced  out  and  the  bleb  which  is  formed  does  not  remain  long.     The 
technique  requires  care  in  animals  weighing  less  than  400  gm.     In 
testing  animals  it  is  always  advisable  to  inject  the  tuberculin  into  one 
or  more  normal  guinea  pigs  of  about  the  same  age  as  controls.     In 
the  negative  reactions  the  puncture  is  usually  visible  at  the  end  of 
24  hours  but  there  is  no  redness  or  induration.     In  the  hghtest  reac- 
tions ("lightly  positive")  recorded  as  positive  there  is  a  1  cm.  area  of 
redness  with  slight  swelling  at  the  end  of  24  hours.     In  the  reactions 
recorded  as  "moderately  strong"  there  is  a  1  or  2  cm.  area  of  local- 

8  Kraus  R.,  and  Hofer,  G.,  Deutsch.  med.  Woch.,  1912,  xxxviii,  1227. 
'  The  tuberculin  (0.  T.)  was  obtained  from  H.  K.  Mulford  Company. 
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ized  redness  and  distinct  induration  at  the  end  of  the  24  hours,  while 
in  the  "strongly  positive"  reactions  necrosis  and  sloughing  take 
place.  In  the  reactions  characterized  by  necrosis  a  central  opacity 
appears  in  24  hours,  and  by  the  end  of  48  hours  hemorrhage  into  a 
necrotic  center  frequently  occurs  and  an  open  ulcer  follows.  Lightly 
positive  reactions  have  not  been  relied  upon  to  any  extent,  but  they 
appear  to  be  trustworthy  if  careful  controls  in  sufficient  numbers  are 
employed.  Moderately  strong  responses  also  should  be  carefully 
controlled  by  simultaneous  tests  on  normal  guinea  pigs.  A  guinea 
pig  that  has  received  an  injection  of  virulent  bacilli  becomes  positive 
in  about  2  weeks. 

EXPERIMENTAL. 

The  experiments  consist  essentially  of  the  treatment  of  normal 
guinea  pigs  with  a  bacillus-free  filtrate  obtained  from  the  peritoneal 
cavity  and  organs  of  tuberculous  guinea  pigs  6  to  24  hours  after  intra- 
peritoneal injections  of  large  amounts  of  heavy  suspensions  of  living 
virulent  tubercle  bacilli. 

In  the  first  experiment  two  guinea  pigs  were  injected  with  a  bacillus-free  fil- 
trate. No.  23.  To  prepare  this  filtrate  a  320  gm.  tuberculous  guinea  pig  which 
had  been  inoculated  intraperitoneaUy  37  days  before  with  Culture  H37  and  had 
shown  a  strongly  positive  reaction  to  tuberculin  was  injected  intraperitoneaUy 
at  2  p.m.  on  Dec.  13,  1920,  with  the  growth  from  a  6  week  flask  culture  of  Cul- 
ture H37  in  20  cc.  of  glycerol  bouiUon.  After  the  removal  of  aU  except  about 
5  cc.  of  the  bouiUon  the  growth  was  ground  in  a  mortar  and  suspended  in  16  cc. 
of  2  per  cent  gelatin.  5  p.m.  Animal  alive.  Dec.  14,  9  a.m.  Found  dead. 
The  peritoneal  cavity  was  opened  and  20  cc.  of  clear  and  somewhat  viscid  exudate 
were  removed  and  the  undiluted  liquid  was  passed  through  a  2i  inch  Berkefeld 
filter  (N).  The  omentum  was  gathered  in  a  caseous  mass  but  the  other  organs 
showed  no  extensive  lesions.  A  film  of  the  unfiltered  peritoneal  exudate  showed 
a  few  neutrophils  and  a  few  mononuclear  cells.  An  occasional  leucocyte  of  both 
varieties  contained  a  few  tubercle  bacUli.  There  were  present  a  few  clumps  of 
extracellular  acid-fast  granules  and  an  occasional  intracellular  one,  and  although 
they  appeared  to  be  partially  dissolved  bacilli  it  is  not  possible  to  identify  them 
positively  as  such.  About  10  cc.  of  clear  filtrate  were  obtained.  The  culture, 
No.  H37,  is  a  human  tj-pe  which  grows  weU  on  Dorset's  egg  medium  and  on 
glycerol  bouillon,  develops  a  positive  tuberculin  reaction  in  guinea  pigs  in  the 
usual  time,  and  causes  their  death  in  6  weeks  to  a  number  of  months  according 
to  the  size  of  the  dose  and  the  age  of  the  animal.* 

'  The  culture  was  obtained  from  the  laboratory  of  A.  I.  Kendall  of  North- 
western University  Medical  School  where  it  is  known  as  Culture  H37. 
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Guinea  Pig  39. — Weight  300  gm.  Received  a  subcutaneous  injection  in  the 
right  groin  of  1  cc.  of  No.  23  filtrate  on  Dec.  14,  1920,  immediately  after  the 
filtration  had  been  completed,  1  cc.  on  Dec.  17,  and  2  cc.  on  Dec.  21.  At  this 
time  a  tuberculin  test  was  made  and  the  following  day  there  was  redness  at  the 
site  of  injection,  but  owing  to  a  slight  abrasion  of  the  skin  due  to  careless  shaving 
this  was  not  recorded  as  positive.  Dec.  22.  The  test  was  repeated  and  gave  a 
positive  reaction  the  following  day.  Dec.  24.  Test  was  recorded  as  moderately 
strong.  Dec.  27.  Tuberculin  was  again  administered.  Dec.  28  and  29.  Test 
recorded  as  strongly  positive.  Dec.  30.  A  1  cm.  ulcer  was  present  at  the  site 
of  the  last  tuberculin  injection.  Dec.  21.  The  filtrate  injections  were  discon- 
tinued. Jan.  6,  10,  12,  and  19,  1921.  The  tuberculin  test  was  moderately 
strong  or  lightly  positive.  Jan.  31.  The  test  was  negative.  On  Feb.  1,  49 
days  after  the  first  filtrate  injection,  the  animal,  which  then  weighed  520  gm., 
was  chloroformed. 

Autopsy. — Nothing  suggesting  a  tuberculous  process  was  found.  One  or  two 
translucent  lymph  nodes  measuring  2  or  3  mm.  were  found  in  the  superficial 
part  of  the  groin  fat.  These  as  well  as  some  of  the  deeper  fibrous  tissue  were 
smeared  on  sKdes  and  stained  by  the  Ziehl-Neelsen  method;  no  acid-fast  baciUi 
were  found.  No  tubercles  were  visible  to  the  naked  eye  in  any  of  the  organs  and 
histologic  examination  of  the  omentum,  spleen,  Uver,  and  lungs  was  negative. 

Guinea  Pig  47.— Weight  440  gm.  Dec.  24,  27,  and  30,  1920,  and  Jan.  1,  1921. 
Given  1  cc.  of  Filtrate  23.  Jan.  1.  A  tuberculin  test  was  negative.  Jan.  3. 
Tuberculin  was  again  tried  and  on  Jan.  4  and  5  there  were  slight  reddening  and 
shght  induration.  Jan.  6.  A  similar  response  was  obtained.  These  reactions 
were  recorded  as  lightly  positive.  Jan.  8,  10,  19,  and  26,  1921.  The  tests  were 
negative.  On  Dec.  24,  when  the  first  injection  was  given,  the  filtrate,  which  had 
stood  in  the  ice  box  for  9  days,  was  somewhat  clouded  and  showed  some  bacterial 
contamination.  Feb.  1.  Animal  weighs  660  gm.  It  is  to  be  kept  for  a  number 
of  months. 

In  the  second  experiment  four  guinea  pigs  were  injected  with  filtrates;  two 
received  a  filtrate  prepared  in  much  the  same  way  as  that  used  for  the  injection 
of  Guinea  Pig  39  while  the  other  two  received  a  filtrate  which  was  obtained  by 
crushing  the  tissues  of  the  abdominal  wall  and  certain  of  the  organs.  These 
filtrates  were  obtained  from  Guinea  Pig  40  which  weighed  670  gm.  and  had  devel- 
oped a  strongly  positive  tuberculin  reaction  7  days  after  a  large  groin  inoculation 
with  Culture  H37.  The  suspension  of  tubercle  bacilli  for  injection  into  the  peri- 
toneal cavity  of  this  tuberculous  guinea  pig  was  prepared  in  the  same  way  as 
that  used  in  the  first  experiment  to  obtain  Filtrate  23,  except  that  30  cc.  of  2 
per  cent  gelatin  were  used  to  suspend  the  bacilli  and  all  except  about  1  cc.  of  the 
bouillon  was  removed.  After  24  hours  the  animal  was  alive  but  appeared  very 
to.xic.  It  was  killed  with  chloroform  and  the  15  cc.  of  exudate  obtained  from 
the  peritoneal  cavity  were  diluted  with  15  cc.  of  saline  solution  and  passed  through 
a  Berkefeld  filter.    The  heart,  lungs,  kidneys,  a  portion  of  the  liver,  and  muscle 
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from  the  abdominal  wall  were  ground  in  a  mortar,  mixed  with  50  cc.  of  saline 
solution,  and  the  liquid  was  passed  through  another  filter. 

Guinea  Pig  46. — Weight  460  gm.  Injected  in  the  groin  with  6  cc.  of  filtrate 
obtained  from  the  peritoneal  exudate  on  Dec.  30,  1920,  4  hours  after  the  animal 
had  been  chloroformed  and  the  filtration  started.  On  Jan.  1,  1921,  injected 
with  2  cc,  Jan.  3  with  1  cc,  and  Jan.  5  with  3  cc.  Jan.  6.  The  tuberculin  test 
was  lightly  positive.  Jan.  10,  12,  and  19.  Test  moderately  strong.  Jan.  26. 
The  test  was  lightly  positive. 

Guinea  Pig  47. — Weight  210  gm.  Received  the  same  filtrate  on  the  same 
days  as  No.  46,  but  the  quantity  given  was  somewhat  less  and  averaged  2  cc.  per 
dose.    The  responses  to  tuberculin  were  the  same. 

Guinea  Pigs  48  and  49. — Weight  260  and  220  gm.  respectively.  Received 
groin  injections  of  2  cc.  of  filtrate  obtained  from  the  crushed  organs  on  Dec.  30, 
1920,  and  1  cc  on  Jan.  1,  3,  and  5,  1921.  There  was  no  response  to  tubercuhn 
tests  until  Jan.  10  when  both  animals  gave  moderately  strong  reactions.  Jan.  12. 
The  same  responses  were  present.  Jan.  19  and  26.  The  tests  were  lightly 
positive. 

Autopsies. — Feb.  1.  Guinea  Pigs  47  (weight  340  gm.)  and  48  (weight  360 
gm.)  were  chloroformed  and  films  were  made  and  examined  after  staining  by  the 
Ziehl-Neelsen  method.  In  both  these  animals  just  beneath  the  groin  fat  a  small 
bit  of  injected  tissue  was  present.  This  sUght  local  reaction  was  thought  to  be 
due  to  tuberculin  which  had  been  injected  Jan.  31  and  indicates  that  the  tis- 
sues at  the  site  of  the  filtrate  injections  are  more  sensitive  than  the  skin  a  short 
distance  removed.  This  reddened  tissue  was  smeared  out  on  slides  and  stained. 
No  tubercle  bacilli  were  found  in  these  films  or  in  those  made  from  the  small  Ij-mph 
nodes.  Histologic  examination  of  the  omentum,  spleen,  lungs,  and  liver  showed 
nothing  which  suggested  tubercles.  Guinea  Pigs  46  and  49  are  to  be  kept  for  a 
number  of  months. 

In  the  third  experiment  (Table  I)  twenty-one  guinea  pigs  were  injected  in  the 
left  axUla  with  filtrate  as  follows:  Jan.  17,  1921,  2  cc.  of  Filtrate  45  (Table  II); 
Jan.  19,  5  cc.  of  Filtrate  51;  Jan.  21,  5  cc.  of  FUtrate  11;  Jan.  24,  4  cc.  of  Filtrate 
43.  Animals  62,  63,  74,  and  75  were  placed  in  the  series  as  controls  and  received 
no  filtrate  injections.  In  order  to  secure  a  more  concentrated  filtrate  such  as  the 
one  used  for  Guinea  Pig  39  in  the  first  experiment  exceptions  were  made  in  six 
guinea  pigs,  Nos.  54,  55,  56,  67, 68,  and  69,  which  in  addition  to  the  filtrate  injec- 
tions noted  above  were  given  on  Jan.  27  injections  of  5  cc.  of  Filtrate  80;  on 
Jan.  29,  5  cc.  of  FUtrate  12;  and  on  Feb.  2,  3  cc.  of  Filtrate  81.  There  was  no 
demonstrable  general  or  local  reaction  in  any  of  the  animals  untU  the  day  fol- 
lowing the  fourth  injection,  Jan.  25,  when  a  very  shght  amount  of  induration 
appeared  in  the  axillary  tissue.  Feb.  3.  Nos.  54,  55,  56,  67,  68,  and  69  were 
the  only  ones  that  showed  induration  in  the  axUla  and  in  these  the  reaction  con- 
sisted of  a  slight  and  somewhat  indefinite  thickening  of  the  axillary  tissue.  When 
the  results  of  the  tuberculin  test  were  seen  on  Jan.  28  it  was  thought  that  the 
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dilution  of  the  filtrate  used  in  the  first  four  injections  was  too  great  to  secure  the 
response  obtained  in  Guinea  Pig  39  which  received  about  half  of  the  total  amount 
of  filtrate  obtained  from  one  animal. 

The  filtrates  for  the  third  experiment  were  prepared  from  guinea  pigs  tabu- 
lated in  Table  II.    The  suspensions  were  made  from  a  3  to  6  week  growth  of 


TABLE   I. 


Dates  of  tuberculin  tests  and 

responses. 

Guinea  pig  No. 

Weight. 

Jan.  27. 

Jan. 28 
and  29. 

Jan.  31. 

Feb.  1 
and  2. 

Feb.  8. 

Feb.  9. 

Feb.  10 
and  11. 

gm. 

54 

310 

Test. 

±* 

Test. 

+ 

Test. 

± 

Test. 

+  + 

55 

310 

tt 

± 

tt 

+ 

tt 

+ 

H 

+  + 

56 

310 

It 

— 

tt 

+ 

tt 

+ 

It 

+  + 

57 

400 

It 

+ 

tt 

+ 

58 

320 

u 

± 

it 

+ 

59 

320 

It 

± 

tt 

+ 

60 

340 

tt 

± 

It 

+ 

61 

360 

It 

+ 

It 

+ 

62 

360 

tt 

— 

tt 

— 

63 

420 

It 

— 

tt 

— 

64 

400 

tt 

+ 

tt 

+ 

65 

380 

tt 

+ 

tt 

+ 

66 

400 

tt 

± 

tt 

+ 

67 

400 

tt 

— 

tt 

+ 

Test. 

+ 

Test. 

+  + 

68 

400 

It 

— 

tt 

+ 

It 

+ 

H 

+  + 

69 

410 

tt 

— 

tt 

+ 

tt 

+ 

tt 

+  + 

70 

400 

tt 

— 

tt 

+ 

71 

340 

" 

± 

tt 

+ 

Test. 

— 

72 

330 

tt 

± 

tt 

+  + 

73 

360 

tt 

± 

tt 

+ 

74 

340 

tt 

— 

tt 

— 

75 

330 

tt 

— 

tt 

— 

Test. 

— 

76 

340 

tt 

— 

tt 

+ 

tt 

+ 

77 

340 

tt 

± 

tt 

+ 

78 

360 

tt 

- 

tt 

+ 

*  A  lightly  positive  reaction  is  indicated  by  +,  a  moderately  strong  by  +  +  , 
and  a  strongly  positive  by  +++.     Doubtful  reactions  are  indicated  by   ±. 

Culture  H37  on  about  20  cc.  of  glycerol  broth  contained  in  a  150  cc.  Erlenmeyer 
flask.  The  growth  was  allowed  to  continue  until  a  film  spread  over  the  entire 
surface  of  the  bouillon;  the  contents  of  the  flask  were  then  placed  in  a  mortar, 
much  of  the  broth  was  removed,  and  the  growth  was  ground  for  a  few  minutes. 
A  variable  amount  of  saline  solution  was  used  for  making  the  final  suspensions 
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TABLE  n. 


Guinea 
pig  No. 

Date. 

Weight. 

Treatment. 

Tuber- 
culin 
test. 

Filtrate  obtained. 

IUBO 

em. 

3 

Sept.  30 
Nov.  29 

425 
540 

Intraperitoneal    inocula- 
tion with  Culture  H37. 

Heart's  blood  and  organs 
removed  aseptically. 

+  +  + 

Filtrate  from  incubated 
organs  and  bacillus  sus- 
pension. 

11 

Oct.     5 

1921 

Jan.  20 
"     21 

1920 

420 

Intraperitoneal    inocula- 
tion with  Culture  H37. 

20  cc.   of  suspension  of 
Culture  H37   injected 
intraperitoneally. 

Dead. 

+  +  + 

110  cc.  of  filtrate  from 
peritoneal  cavity  and 
organs  ground  in  mor- 
tar, which  is  about  one- 
half  the  fluid  used  for 
dilution. 

12 

Oct.     6 

1921 
Jan.   28 

"     29 
1920 

410 

Intraperitoneal    inocula- 
tion with  Culture  H37. 

40  cc.  of  suspension  of 
Culture   H37   injected 
intraperitoneally. 

Dead. 

+  +  + 

30  cc.  of  filtrate  from  pieri- 
toneal  cavity  and  or- 
gans, which  is  about 
one-half  the  fluid  used 
for  dilution. 

23 

Nov.    6 
Dec.  13 

«     14 

320 

Intraperitoneal    inocula- 
tion with  Culture  H37. 

16  cc.  of  suspension  of 
Culture   H37   injected 
intraperitoneally. 

Dead. 

+  +  + 

About  10  cc.  of  filtrate 
from  undiluted  perito- 
neal e.i£udate. 

29 

"       1 
"     20 

580 

Subcutaneous      inocula- 
tion with  Culture  H37. 

Heart's  blood  and  organs 
removed  aseptically. 

+  +  + 

Filtrate  from  incubated 
organs  and  bacillus  sus- 
pension. 

40 

"     22 
"     29 

"     30 

670 

Subcutaneous      inocula- 
tion with  Culture  H37. 

30  cc.  of  suspension  of 
Culture  H37   injected 
intraperitoneally. 

Killed    with    chloroform 
21  hrs.  after  injection. 

+  +  + 

About  15  cc.  of  filtrate 
from  peritoneal  cavity 
and  the  same  amount 
from  the  crushed  or- 
gans; in  each  case  this 
was  about  one-third  the 
fluid  used  for  dilution. 
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TABLE  n — Concluded. 


Guinea 
pig  No. 

Date. 

Weight. 

Treatment. 

Tuber- 
culin 
test. 

Filtrate  obtained. 

1920 

gm. 

43 

Dec.  28 
ini 

640 

Subcutaneous      inocula- 
tion with  Culture  H37. 

95  CC.  of  filtrate  from  peri- 
toneal ca\'ity  and  the 
organs,    which    is    less 

Jan.  23 

20  cc.  of  suspension  of 
Culture   H37   injected 
intraperitoneally. 

+  + 

than  one-half  the  saline 
solution  used  for  dilu- 
tion. 

"     24 

lulled  with  ether  23  hrs. 
after  injection. 

mo 

45 

Dec.  28 

1921 

610 

Subcutaneous      inocula- 
tion with  Culture  H37. 

54  cc.  of  filtrate  from  peri- 
tonea! cavity  and  the  or- 
gans, which  is  less  than 

Jan.   16 

30  cc.   of  suspension   of 
Culture   H37   injected 
intraperitoneally. 

+  + 

one-half  the  saline  so- 
lution used  for  dilution. 

"     17 

Killed  with  ether  21  hrs. 
after  injection. 

51 

"       5 

720 

Subcutaneous      inocula- 
tion with  dilute  tuber- 
culous sputum. 

105  cc.  of  filtrate  from 
peritoneal  cavity  and 
the    organs,    which    is 

"     18 

30  cc.   of  suspension  of 
Culture   H37   injected 
intraperitoneally. 

+  + 

one-half  the  saline  so- 
lution used  for  dilution. 

"     19 

Killed  with  ether  23  hrs. 
after  injection. 

80 

"     16 

640 

Subcutaneous      inocula- 
tion with  Culture  H37. 

30  cc.  of  filtrate  from 
peritoneal    cavity    and 

"     26 

10  cc.   of  suspension   of 
Culture   H37   injected 
intraperitoneally. 

+  + 

the  organs,  which  is  less 
than  one-half  the  saline 
solution  used  for  dilu- 

"    27 

Killed  with  ether  23  hrs. 
after  injection. 

tion. 

81 

"     18 

600 

Subcutaneous       inocula- 
tion with  Culture  H37. 

15  cc.  of  viscid  cloudy 
fluid  were  mLxed  with  25 

Feb.     1 

15  cc.   of  suspension  of 
Culture   H37   injected 
intraperitoneally. 

+ 

cc.  of  saline  solution 
used  to  wash  out  the 
peritoneal     cavity.      18 

"       2 

Etherized   22    hrs.   after 
injection. 

cc.  of  filtrate  obtained. 
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which  were  injected  into  the  peritoneal  cavity  by  means  of  a  large  gauge  needle. 
In  preparing  the  filtrates  for  the  first  and  second  experiments  a  2  per  cent  gelatin 
instead  of  saline  solution  was  used  for  suspension.  As  shown  in  Table  II  guinea 
pigs  with  a  strongly  positive  tubercuhn  reaction  die  between  the  8th  and  21st 
hours  following  injections  of  the  suspensions,  while  those  with  a  less  intense  reac- 
tion live  for  a  greater  length  of  time.  The  peritoneal  exudate  was  always  mucoid 
in  character  and  sometimes  strikingly  so.  The  amount,  which  was  variable,  was 
greatest  when  a  large  amount  of  suspension  was  injected.  With  single  filtration 
through  a  fine  filter  the  filtrate  obtained  in  4  to  7  hours  was  not  more  and  often 
considerably  less  than  one-half  the  volume  of  the  combined  saline  solution  used 
for  washing  out  the  peritoneal  cavity  and  extracting  the  ground  pulp  of  the 
organs.  Filtration  was  usually  started  about  10  a.m.  and  finished  between  1 
and  5  p.m.  The  injections  of  the  animals  with  the  filtrate  were  made  at  once. 
Cultures  of  the  filtrates  on  agar  slants  remained  sterile.  That  the  tuberculin  test 
was  positive  and  then  became  negative  or  of  a  less  intensity  in  Guinea  Pigs  39, 
41,  46,  47,  48,  and  49  seems  to  be  conclusive  proof  that  tubercle  bacilli  did  not 
pass  the  filters.  Guinea  Pigs  52,  16,  and  26  (see  text  below)  received  filtrates 
from  similar  heavy  suspensions  of  tubercle  bacilli  and  remained  unresponsive  to 
tuberculin. 

Guinea  Pig  52. — Weight  290  gm.  Received  15  cc.  of  Filtrate  44  between 
Jan.  6  and  11,  1921,  and  gave  repeated  negative  or  doubtful  reactions  to  tuber- 
culin. Filtrate  44  was  obtained  from  a  680  gm.  guinea  pig  on  the  7th  day  after 
a  groin  inoculation  with  Culture  H37  when  the  tuberculin  test  was  lightly  posi- 
tive. The  amount  of  filtrate  obtained  was  about  75  cc,  which  was  less  than 
one-third  the  amount  of  saline  solution  used  for  dilution.  Jan.  28.  The  test 
was  still  negative. 

Filtrates  obtained  by  filtering  mixtures  of  the  incubated  organs  of  two  tuber- 
culous guinea  pigs  and  hea\'y  suspensions  of  Culture  H37  were  injected  into 
Guinea  Pigs  16  and  26  but  a  t\'pical  response  to  tuberculin  was  not  obtained. 
Guinea  Pig  16,  which  weighed  400  gm.,  received  on  Dec.  21  to  30,  1920,  four 
injections  of  2  cc.  each  of  Filtrate  29.  This  filtrate  had  been  obtained  by  remov- 
ing aseptically  and  grinding  in  a  mortar  the  spleen,  kidney,  and  6  cc.  of  heart's 
blood  of  a  tuberculous  guinea  pig  with  a  strongly  positive  tuberculin  reaction, 
mixing  the  paste  with  10  cc.  of  a  heavy  suspension  of  Culture  H37,  incubating 
over  night  at  37°C.,  diluting  with  20  cc.  of  saline  solution,  and  filtering.  Guinea 
Pig  26,  which  weighed  600  gm.,  received  on  Dec.  1  to  27,  1920,  ten  injections  of 
2  cc.  each  of  Filtrate  3.  This  filtrate  had  been  obtained  from  a  tuberculous  guinea 
pig  with  a  strongly  positive  test  by  the  same  method  used  for  No.  29  except  that 
a  tuberculous  focus  in  the  omentum  was  ground  up  with  the  organs.  A  tv-pical 
response  to  tuberculin  was  not  obtained. 
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DISCUSSION. 

A  positive  tuberculin  test  develops  in  about  the  same  time  after 
the  filtrate  injections  as  it  does  after  inoculations  with  tubercle 
bacilli  The  presumption  is  that  the  substance  in  the  filtrate  which 
leads  to  the  tuberculin  hypersensitiveness  is  identical  with  that 
present  during  the  first  few  days  in  a  tuberculous  focus  produced  by 
a  subcutaneous  inoculation  with  living  virulent  tubercle  bacilli  and 
that  it  is  a  product  of  the  action  of  the  tissues  of  the  tuberculous 
animal  on  the  tubercle  bacilli  contained  in  the  suspension  introduced 
into  the  peritoneal  cavity.  There  is  some  rather  inconclusive  micro- 
scopic proof  that  a  disintegration  and  solution  of  some  of  the  injected 
bacilli  take  place.  In  view  of  the  many  instances  of  the  bacteriolysis 
of  other  bacteria  under  more  or  less  analogous  conditions  this  seems 

especiallv  probable. 

It  has' been  shown  by  a  number  of  investigators  that  gumea  pigs 
hypersensitive  to  tuberculin  are  resistant  to  reinoculation.  _  Experi- 
ments are  now  under  way  to  determine  whether  the  same  is  true  of 
guinea  pigs  made  sensitive  to  tuberculin  by  the  injection  of  the 
filtrates  In  order  to  induce  an  effective  resistance  to  inoculation  it 
seems  reasonable  to  suppose  that  it  will  be  necessary  to  establish  by 
the  filtrate  injections  a  strongly  positive  tuberculin  reaction.  From 
the  experiments  it  is  evident  that  the  substance  in  the  filtrates 
which  Droduced  a  hypersensitiveness  to  tuberculin  when  injected 
into  nomal  guinea  pigs  varied  quantitatively  in  the  different  tubercu- 
lous anunals  from  which  the  filtrates  were  obtained.  It  appears 
that  guinea  pigs  with  a  strongly  positive  tuberculin  reaction  as  a 
result  of  peritoneal  tuberculosis  yield  the  most  active  filtrate. 

SUMMARY   AND   CONCLUSIONS. 

1  When  a  guinea  pig  with  well  developed  peritoneal  tuberculosis 
is  injected  intraperitoneally  with  about  20  cc.  of  a  heavy  suspension 
of  a  virulent  tubercle  bacillus  (Culture  H37)  death  occurs  within 
24  hours  or  the  animal  becomes  extremely  toxic.  Such  a  peritoneal 
tuberculosis  develops  in  about  1  month  after  1  cc.  of  a  very  heavy 
suspension  of  Culture  H37  has  been  introduced  into  the  abdominal 
cavity      If  the  viscid  fluid  which  is  contained  within  the  peritoneal 
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cavity  is  mixed  with  saline  solution  and  passed  through  a  Berkcfeld 
filter  a  bacillus-free  filtrate  is  obtained  which  induces  in  normal 
guinea  pigs  a  certain  degree  of  cutaneous  hypersensitiveness  to 
tuberculin. 

2.  The  abdominal  organs  and  the  parietal  peritoneum,  to  which 
masses  of  leucocytes  and  tubercle  bacilli  are  adherent,  when  crushed 
and  extracted  with  saline  solution  yield  a  filtrate  which  likewise 
induces  a  cutaneous  hypersensitiveness. 

3.  The  cutaneous  hypersensitiveness  does  not  appear  before  the 
7th  or  8th  day  after  the  filtrate  injection  and  is  therefore  considered 
to  be  the  result  of  an  active  sensitization  of  the  animal. 


STUDIES   ON  BACTERIAL  NUTRITION. 
I.  Growth  of  Bacillus  lnfldenz^  in  Hemoglobin-Free  Media.. 

By  THEODOR  THJOTTA,  M.D. 

{From  the  Hospital  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  March  8,  1921.) 

Pfeiffer  in  1892  first  obtained  growth  of  B.  influenzm  by  the  use  of  agar  slants, 
the  surface  of  which  was  smeared  with  a  few  drops  of  human  blood.  PfeifFer 
showed  that  this  bacillus  grew  only  in  media  contaming  blood  or  hemoglobin. 
The  influenza  bacillus  was  thus  brought  into  the  group  of  the  hemoglobinophihc 
bacilli  and  has  since  always  been  considered  an  obligate  hemophilic  organism 
despite  the  fact  that  the  hterature  shows  that  several  investigators  have  been 
able  to  cultivate  it  in  media  free  of  blood  or  hemoglobin. 

The  first  to  show  this  fact  was  Cantani  (1),  who  in  1901  obtained  growth  of 
B.  influenza:  on  ascites  agar  in  symbiosis  with  other  bacteria,  such  as  gonococcus, 
diphtheria  bacillus,  and  several  large  cocci.  B.  influenzm  grew  in  giant  colonies 
in  the  vicinity  of  the  other  colonies.  Cantani  also  obtained  growth  on  the  sur- 
face of  agar  to  which  had  been  added  emulsions  of  bacteria  killed  by  heat  at  60°C. 
for  3  hours.  Cantani  excludes  symbiosis  and  supposes  that  some  factor  in  the 
bacterial  cell  induces  the  growth  of  B.  infltienzcB  and  that  this  factor  is  more 
easily  liberated  from  the  dead  than  from  the  living  cell. 

Neisser  (2),  however,  demonstrated  the  growth  of  influenza  bacilli  in  symbiosis 
with  xerosis  bacilli  on  plate  cultures  made  from  the  inflamed  conjunctiva  of  a 
child.  Impure  colonies  were  observed  which  could  be  transferred  through  many 
generations  on  plain  agar  without  the  disappearance  of  B.  influenzcB.  The  latter, 
however,  failed  to  grow  on  this  medium  if  the  xerosis  bacillus  was  not  present. 

Neisser  also  tried  to  cultivate  B.  influenzce  on  media  prepared  by  adding  kUled 
emulsions  of  the  xerosis  bacillus  or  the  diphtheria  bacillus  to  plain  agar.  A  sUght 
growth  occurred  for  three  or  four  generations,  but  the  continued  cultivation  of 
B.  influenza:  on  this  medium  was  impossible.  He  therefore  considered  the  growth 
of  B.  influenza  in  mixed  cultures  as  a  symbiotic  phenomenon. 

Grassberger  (3)  observed  that  when  B.  influenza  was  grown  on  blood  or 
hemoglobin  agar  plates  in  association  with  other  bacteria,  especially  staphylo- 
cocci, the  colonies  of  influenza  bacilli  adjacent  to  the  colonies  of  cocci  were  of  un- 
usually large  size.  He  assumed  that  the  cocci  exerted  some  effect  upon  the  blood 
medium  that  was  beneficial  for  the  growth  of  B.  influenza. 
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Luerssen  (4)  confirmed  the  observations  of  Cantani  by  growing  B.  influenzcB 
on  agar  containing  emulsions  of  dead  staphylococci,  B.  coli,  or  B.  prodigiosus. 
Growth  of  B.  inflticnzcc  did  not  occur  in  ordinary  mixed  cultures  with  these  other 
organisms.  The  bacterial  emulsions  were  sterilized  by  heating  at  60°C.  for  3 
hours;  if  they  were  boiled  the  growth  which  occurred  was  not  so  good.  Luerssen 
presumes  that  the  bacteria  contain  a  factor  that  exerts  a  stimulating  effect  upon 
the  growth  of  B.  influenza;,  and  that  this  is  destroyed  at  high  temperatures.  He 
found  that  this  growth  factor  is  contained  in  the  bacterial  cell,  since  the  carefully 
washed  cells  are  still  active.  Growth  of  B.  influenza  did  not  occur  if  the  enrich- 
ing emulsion  of  dead  organisms  was  smeared  on  the  surface  of  the  agar;  it  only 
occurred  if  the  emulsion  was  incorporated  in  the  medium.  Luerssen  also  ob- 
served that  B.  influenza;  grew  sparsely  in  sterile  filtrates  of  broth  cultures  of 
staphylococci,  B.  diphtheria;,  and  B.  violaceus. 

Ghon  and  von  Preyss  (5)  attempted  to  grow  B.  influenza  in  media  containing 
no  hemoglobin,  but  the  results  were  negative  and  they  concluded  that  the  reason 
other  investigators  had  been  successful  was  that  in  making  the  inoculations 
small  amounts  of  blood  had  been  carried  over.  They  likewise  held  the  opinion 
that  when  B.  influenza:  grows  on  plain  agar,  as  occasionally  happens,  this  agar 
contains  traces  of  hemoglobin. 

Recently  Putnam  and  Gay  (6)  tried  to  confirm  the  experiments  of  the  earlier 
investigators.  They  were  unable,  however,  to  obtain  any  growth  of  B.  influenzcB 
on  plain  agar  to  which  either  kUled  or  living  cultures  of  B.  xerosis,  B.  diphtheria, 
B.  coli,  or  staphylococci  had  been  added. 

In  spite  of  the  observations  concerning  the  growth  of  Bacillus 
influenza  in  media  free  of  blood  or  hemoglobin,  the  opinion  that  this 
organism  is  hemoglobinophilic  has  not  been  altered,  and  for  its  cultiva- 
tion media  containing  blood  or  hemoglobin  in  some  form  is  always 
employed. 

EXPERIMENTAL. 

In  a  study  on  the  growth  of  mucoid  bacilli  and  the  transformation 
of  non-mucoid  bacUli  into  mucoid  ones  (7)  the  writer  undertook  the 
cultivation  of  different  microbes.  Bacillus  paratyphosus  B  and  pneu- 
mococci,  in  broth  containing  mucus  produced  by  mucoid  bacilli  such 
as  Friedlander's  bacillus,  the  ozenabacillus,  and  other  similar  organ- 
isms. An  attempt  was  also  made  to  cultivate  Bacillus  influenzcE  in 
tills  mediiun.  The  .development  of  this  work  led  to  the  present 
studies  on  bacterial  nutrition. 
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Experiment  1. — A  culture  of  a  mucoid  Gram-negative  bacQIus  (Friedlander's) 
was  grown  on  plain  agar.  After  24  hours  in  the  incubator  the  growth  from  each 
plate  was  suspended  in  a  few  drops  of  plain  broth.  0.5  cc.  of  this  emulsion  was 
added  to  5  cc.  of  plain  broth,  then  heated  for  1  hour  at  60°C.,  tested  for  sterility, 
and  stored  in  the  ice  box.  The  reaction  of  the  broth,  pH  7.8,  was  not  altered  by 
the  addition  of  the  bacterial  emulsion.  With  the  medium  prepared  in  this  manner, 
the  following  tests  were  made. 

A  tube  of  this  medium  was  inoculated  with  influenza  bacilli  from  a  blood  broth 
culture,  the  blood  cells  of  which  had  completely  settled  to  the  bottom  of  the 

TABLE   I. 

Growth   of  B.  influenzcB   in  Plain   Broth  Added   to  Emulsions  of  Friedlander's 

Pneumonia  Bacillus. 


Grow 

th  of  culture  on  blood  agar  after  standing  in  incubator. 

original  culture 
in  emulsion  broth. 

Age  of  culture 
when  transferred. 

No.  of  days. 

1 

2 

3 

4 

S 

6 

7 

8 

9 

10 

hrs. 

Emulsion  broth  1 

48 
days 

+  + 

+  + 

0 

0 

((            tt      2 

4 
hrs. 

+ 

+ 

••      3 

24 

+  + 

+ 

«           "      4 

48 

+  + 

+  + 

+  + 

"           "      5 

48 
days 

+  + 

+  + 

0 

"           "      6 

s 

hrs. 

+  + 

+  + 

0 

tl                If        y 

24 

+  + 

+  + 

"           "      8 

48 

+  + 

+  + 

((                   tl          g 

Not  trans- 
ferred. 

+  + 

tube.  The  following  day  0.2  cc.  of  this  subculture  was  transferred  to  another 
tube  of  emulsion  broth.  Simultaneously  a  loopful  of  the  first  culture  was  streaked 
on  the  surface  of  blood  agar  to  demonstrate  the  growth  of  B.  influenza:.  The  last 
procedure  was  necessary  since  the  emulsion  broth  in  itself  was  too  cloudy  to  show 
growth.  From  the  first  culture  there  were  made  eight  successive  transfers  to 
emulsion  broth,  in  all  nine  transfers  from  the  original  blood  broth  culture. 

The  result  of  these  experiments  demonstrates  that  the  influenza  bacillus 
grows  well  in  the  emulsion  broth  described.  In  this  medium  B.  influenza  was 
found  living  and  capable  of  multiplying  after  10  days  at  37°C.  (Table  I). 
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Experiment  1  was  repeated  in  emulsion  broth  prepared  in  the 
manner  described  from  the  mucoid  growth  of  an  organism  classified 
as  Bacillus  ozcEtia. 

In  this  experiment  the  growth  was  washed  off  the  surface  of  plain  agar  with 
1  cc.  of  normal  saline  solution  and  the  bacteria  were  killed  by  heating  at  70°C.  for 
1  hour.  0.5  cc.  of  this  sterile  emulsion  was  then  added  to  5  cc.  of  plain  broth. 
The  emulsion  broth  was  inoculated  with  0.1  cc.  of  a  blood  broth  culture  of  B. 
influenza:  after  all  blood  cells  had  settled  to  the  bottom  of  the  tube.  24  hours 
later  0.1  cc.  of  this  first  emulsion  broth  culture  was  transferred  to  a  second  emul- 
sion broth  tube  and  simultaneously  streaked  on  the  surface  of  blood  agar  to  deter- 
mine growth.  This  series  of  cultures  was  carried  on  successfully  for  ten  transfers 
in  emulsion  broth,  and  then  was  voluntarily  discontinued.  The  ten  consecutive 
cultures  all  showed  typical  colonies  on  the  blood  agar,  and  films  of  the  last  seven 
transfers  showed  t>'pical  bacilli  and  a  few  involution  forms  of  B.  influenzce. 


TABLE  n. 

Determination  of  Smallest  Amount  of  Emulsion  Capable  of  Stimulating  Growth 

of  B.  influenzcE. 


Tube  No. 

Amount  of  broth. 

Amount  of  emulsion. 

Growtii. 

cc. 

«. 

1 

5 

0.5 

-t-f-i- 

2 

5 

0.3 

-f++ 

3 

5 

0.1 

-1-+-+ 

4 

5 

0.01 

■¥ 

5 

5 

0 

- 

Experiment  2. — After  it  had  been  shown  that  an  emulsion  of  heat-killed  mucoid 
bacteria,  when  added  to  plain  broth,  is  able  to  support  growth  of  the  influenza 
bacUlus,  it  seemed  desirable  to  learn  how  small  an  amount  of  the  emulsion  would 
suflice  for  this  purpose.  Accordingly,  dilutions  of  the  emulsion  in  broth  were 
made  and  inoculated  with  comparable  amounts  of  a  culture  of  influenza  baciUus. 
After  24  hours  incubation  subcultures  were  made  on  blood  agar  to  confirm  growth 
in  the  cultures  containing  various  dilutions  of  the  emulsion.  These  results  are 
recorded  in  Table  II. 

0.01  cc.  is  evidently  the  lower  limit  of  the  growth-stimulating  sub- 
stance in  this  particular  emulsion  of  heat-killed  mucoid  bacilli,  since 
cultures  containing  this  amount  showed  less  growth  than  those  in 
which  larger  quantities  were  used. 
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Experiment  3. — In  order  to  detennme  whether  the  growth  of  B.  influenzm 
in  the  emulsion  broth  was  more  pronounced  in  the  bottom  of  the  tubes  or  at  the 
surface  of  the  broth,  tubes  were  inoculated  after  all  mucoid  material  had  settled 
to  the  bottom.  They  were  aUowed  to  stand  in  the  incubator  for  24  hours  and 
subcultures  were  made  both  from  the  thick  residuum  in  the  bottom  of  the  tubes 
and  from  the  superficial  layers  of  the  broth.  The  growth  was  compared  with 
the  following  result. 

Growth. 

(o)  From  bottom  of  tubes +  +  + 

(6)  From  surface + 

The  fact  that  this  accessory  substance  appeared  to  be  more  con- 
centrated in  the  immediate  vicinity  of  the  sedimented  bacterial 
emulsion  than  in  the  upper  portions  of  the  culture  fluid  seems  to  in- 
dicate that  the  growth-stimulating  factor  is  contained  within  the 
bacterial  cell  and  slowly  passes  out  into  the  surrounding  fluid. 

It  therefore  seemed  reasonable  to  attempt  to  extract  this  substance 
from  the  bacterial  emulsion.  The  addition  of  a  clear  bacterial 
extract  to  media,  moreover,  would  have  the  advantage  of  making 
it  possible  to  observe  bacterial  growth  directly  without  the  secondary 
transfer  to  blood  agar.     This  was  done  in  Experiment  4. 

Experiment  4. — The  growth  of  a  mucoid  organism  was  collected  from  agar 
plates  and  emulsified  in  plain  broth,  1  cc.  of  broth  being  used  to  each  plate.  The 
'emulsion  was  boiled  for  5  minutes,  and  then  centrifuged  to  separate  the  clear 
fluid  extract  from  the  bacterial  bodies.  This  sterile  extract  was  then  tested  for 
growth-stimulating  action  by  the  addition  of  decreasing  amounts  to  plain  broth. 
The  medium  prepared  in  this  manner  was  inoculated  with  one  drop  from  an  emul- 
sion broth  culture  (Table  I,  No.  6).  The  results  of  this  experiment  are  recorded 
in  Table  III. 

TABLE  ni. 

Growth-Inducing  Action  of  an  Extract  of  Mucoid  Bacteria  on  B.  influenzce. 


Amount  of  extract. 

Growth 

cc. 

per  cent 

0.3 

6.0 

+  + 

0.1 

2.0 

+  + 

0.05 

1.0 

+ 

0.01 

0.2 

— 

0.001 

0.02 

— 

0 

0 

- 
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It  is  evident  from  Table  III  that  it  is  possible  by  simple  boiling 
of  an  emulsion  of  mucoid  organisms  to  obtain  an  extract  which  when 
added  to  plain  broth  is  capable  of  inducing  growth  oi Bacillus influenzce. 
That  the  first  extraction  of  the  bacillary  emulsion  does  not  completely 
exhaust  it  of  this  growth  factor  is  shown  in  the  following  experiment. 

Experiment  5. — An  emulsion  of  mucoid  bacilli  was  made  as  previously  de- 
scribed. A  portion  of  this  emulsion  was  heated  at  60°C.  for  1  hour  and  another 
portion  was  boiled  for  5  minutes  and  then  centrifuged  and  the  clear  supernatant 
extract  pipetted  off.  The  bacterial  residuum  was  then  washed  in  normal  saline 
solution  three  successive  times  and  the  following  experiment  carried  out. 

Growth. 

5  cc.  of  plain  broth  +  0.5  cc.  of  unboiled  emubion  heated  to 

60°C.  for  an  hour + 

5  cc.  of  plain  broth  +  0.5  cc.  of  extract  from  boiled  emulsion ...  +  + 

5  cc.  of  plain  broth  +  0.5  cc.  of  residuum  from  boiled  emulsion .  +  + 

5  cc.  of  plain  broth  (control) — 

In  this  experiment  the  extract  and  the  residuum  from  the  boiled 
emulsion,  when  added  to  broth,  gave  even  better  growth  than  the 
emulsion  heated  at  60°C.  for  1  hour. 

That  extraction  of  the  growth-inducing  substance  is  obtained 
simply  by  allowing  the  bacterial  cells  to  remain  in  contact  with  broth 
for  some  time  is  shown  in  the  following  experiment. 

Experiment  6. — To  two  tubes  of  plain  broth  there  was  added  0.5  cc.  of  a  bacil- 
lary emulsion  which  had  been  heated  to  60°C.  for  1  hour.  The  tubes  were  then 
left  in  the  ice  box  for  1  week.  After  this  time,  one  tube  was  centrifuged  and  the 
clear  supernatant  fluid  used  as  culture  medium,  while  from  the  other,  the  super- 
natant fluid  was  pipetted  off  without  being  centrifuged.  The  two  tubes  were 
inoculated  with  0.1  cc.  of  an  emulsion  broth  culture  of  B.  infiuenzce.  Good 
growth  occurred  in  both  tubes. 

This  experiment  indicates  that  the  growth-inducing  substance 
passes  from  the  bacterial  cells  into  the  surroimding  fluid  and  there 
exists  apart  from  the  cell. 

In  the  foregoing  experiments  it  has  been  shown  that  it  is  possible 
to  obtain  good  growth  of  Bacillns  influenzcB  in  plain  broth  to  which 
emulsions  and  extracts  of  mucoid  bacteria  have  been  added.  It 
seemed  reasonable,  therefore,  to  seek  the  same  growth  factors  in 
other  microorganisms,  and  Bacillus  protcits  was  selected  as  an  organ- 
ism which  normally  shows  an  abundant  growth  on  ordinary  media. 
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Experiment  7. — Agar  plates  were  inoculated  with  B.  proteus.  After  24  hours 
growth,  to  each  plate  1  cc.  of  normal  saline  solution  was  added,  and  the  growth 
washed  ofiE  and  collected  in  a  sterile  centrifuge  tube.  The  emulsion  was  boiled 
for  5  minutes.  The  sterile  emulsion  was  then  centrifuged  and  the  supernatant 
fluid  pipetted  off.  This  extract  was  clear,  yellowish  in  color  and  had  a  reaction 
of  pH  7.6.  0.5  cc.  quantities  of  this  extract  were  used  to  enrich  plain  broth. 
After  the  addition  of  this  amount  the  beef  infusion  broth  remained  clear,  so  that 
eventual  growth  could  be  indicated  by  the  turbidity  of  the  medium.  Control 
cultures,  however,  were  always  made  from  the  extract  broth  on  blood  agar  or 
oleate  hemoglobin  agar,  and  in  plain  broth. 

In  the  fluid  medium  thus  prepared  the  following  experiment  was  made.  From 
a  24  hour  culture  of  B.  influenzce  in  blood  broth  0.1  cc.  was  transferred  to  Proteus 
Extract  Broth  1;  from  this  after  24  hours  growth,  to  No.  2,  and  from  this  to 
No.  3.  These  three  cultures  all  gave  good  growth  and  upon  transfer  to  blood 
agar  showed  the  typical  colonies  of  B.  influenzm.  FUms  also  showed  the  typical 
small  Gram-negative  bacilli. 

The  experiment  was  voluntarily  discontinued  after  the  third  transfer. 

This  experiment  showed  that  Bacillus  influenza  would  grow  on  a 
watery  extract  of  Bacillus  proteus  for  at  least  three  generations.  An 
experiment  was  next  made  with  the  whole  bacterial  emulsion  of 
proteus  in  the  same  maimer  as  described  in  Experiment  1.  Here, 
however,  growth  of  Bacillus  influenzce  occurred  only  in  the  first  two 
transfers  after  the  blood  broth  culture.  A  considerable  difference 
between  the  emulsions  of  the  mucoid  bacilli  and  the  emulsion  of 
proteus,  therefore,  seemed  to  exist.  The  explanation  of  this  has  not 
been  found  as  yet,  but  it  is  reasonable  to  seek  this  in  the  morpho- 
logical difference  between  these  two  microbes.  The  large  capsule 
of  the  mucoid  bacilli  may  be  a  better  growth-uiducing  factor  than  the 
capsule-free  proteus.  The  possibility  that  the  capsule  may  contain 
some  nutritional  reserve  for  the  bacillus  has  already  been  put  forth 
by  Toenniessen  (8),  who  finds  that  the  capsule  consists  of  a  polysac- 
charide, galactan,  and  that  other  bacteria  grow  better  on  the  surface 
of  cultures  of  Friedlander's  bacillus  than  on  plain  agar. 

Since  it  had  been  shown  that  it  was  possible  to  extract  a  growth- 
inducing  factor  from  Bacillus  proteus,  tests  were  made  to  determine 
the  influence  of  this  extract  upon  the  growth  of  Bacillus  influenzce  in 
various  sugar  solutions  (1  per  cent  of  sugar  in  peptone  water  with 
Andrade  indicator  (9)). 
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Experiment  8. — To  each  5  cc.  of  sugar  medium  was  added  0.2  cc.  of  proteus 
extract.  The  tubes  were  then  inoculated  with  0.1  cc.  of  culture  (No.  2  in  the 
foregoing  experiment)  and  incubated.  The  following  sugars  were  used:  lactose, 
mannitol,  maltose,  dextrose,  saccharose,  rafTmose,  inulin,  and  salicin.  After  12 
hours  incubation  a  heavy  clouding  of  the  medium  was  visible  in  all  tubes  and  the 
dextrose  culture  had  turned  slightly  red.  After  24  hours  the  culture  containing 
dextrose  was  distinctly  red,  while  those  containing  the  other  sugars  remained 
colorless.  At  this  point,  control  cultures  on  blood  agar  from  all  tubes  showed 
pure  growth  of  B.  influenza;.  4  days  after  inoculation  the  tubes  showed  the  same 
reactions.  On  transfers  to  blood  broth  the  cultures  were  all  found  to  be  living 
and  pure. 

Experiment  9. — It  was  considered  of  interest  to  determine  whether  or  not  the 
clear  extract  of  B.  proteus  could  be  filtered  through  a  Berkefeld  filter  without 
losing  its  potency.  After  the  extract  had  been  prepared  as  already  described,  it 
was  passed  through  a  Berkefeld  filter  N  and  the  water-clear  filtrate,  after  being 
proved  sterile,  was  added  to  plain  broth  in  the  following  amounts. 


Broth. 

Filtrate. 

Growth. 

cc. 

cc. 

5 

1.0 

+++ 

5 

0.5 

+++ 

5 

0.2 

+ 

5 

0.05 

— 

5 

0.01 

— 

5 

0 

— 

Growth  was  controlled  by  turbidity  of  the  medium,  by  films,  and  by  sub- 
cultures on  blood  agar  and  plain  agar.  These  controls  showed  the  growing  organ- 
ism to  have  the  characters  of  B.  influenza:. 

This  experiment  shows  that  the  bacillary  extract  in  question  can 
pass  through  a  Berkefeld  filter  without  losing  its  growth-inducing 
property. 

SUMMARY. 

From  the  data  presented  in  the  foregoing  experiments  it  is  evident 
that  Bacillus  influenza  will  grow  in  a  fluid  mediimi  consisting  of  plain 
broth  to  which  have  been  added  small  amounts  of  emulsions  or  extracts 
of  mucoid  baciUi  or  of  Bacillus  proteus.  The  bacterial  extracts  may 
be  made  by  simple  boihng  of  the  bacillary  emulsions  in  broth  or  saline 
solution  and  centrifuging  out  the  bacterial  bodies;  they  may  be  filtered 
witliout  losing  their  growth-inducing  property. 
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Cultures  of  Bacillus  influenzcB  in  bacterial  extract  broth,  if  not  too 
small  doses  of  the  extracts  were  employed,  always  showed  heavier 
growth  than  the  control  cultures  in  blood  broth,  and  growth  occurred 
at  a  considerably  earlier  period  than  in  blood  broth.  In  many  in- 
stances growth  could  be  seen  after  3  to  4  hours,  and  a  bacterial  whirl 
was  always  visible  after  6  hours  incubation. 

When  the  nature  of  the  culture  used  for  seeding  is  not  stated,  this 
was  0.1  cc.  of  the  supernatant  fluid  of  a  blood  broth  culture. 

All  cultures  were  made  in  fluid  medium;  sohd  medium  is  much  more 
difficult  to  use  in  connection  with  the  extracts. 

In  explanation  of  the  remarkable  growth  of  Bacillus  influenza  in 
this  blood-free  mediimi,  the  idea  is  proposed  that  the  growth-stimu- 
lating effect  of  the  bacterial  extracts  is  due  possibly  to  substances 
of  the  same  nature  as  the  so  called  vitamines. 

Further  investigations  on  this  principle  of  bacterial  nutrition  will 
appear  in  subsequent  papers,  together  with  a  more  thorough  study 
of  the  sources  and  character  of  the  growth-inducing  substances. 

CONCLUSIONS. 

1.  It  is  shown  that  Bacillus  influenza;  will  grow  profusely  in  hemo- 
globin-free media  consisting  only  of  plain  broth  and  emulsions  or 
extracts  of  mucoid  bacilli  and  Bacillus  proteus. 

2.  The  emulsions  and  the  extracts  can  be  boiled  and  filtered  through 
Berkefeld  filters  without  losing  their  growth-inducing  property. 

3.  The  growth-stimulating  effect  of  the  bacterial  extracts  is  possibly 
due  to  substances  belonging  to  the  class  of  the  so  called  vitamines. 
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introduction. 

It  is  a  general  rule  to  regard  the  individuals  comprising  a  given 
strain  of  a  microbic  species  as  identical  in  nature.  So,  when  a  cul- 
ture is  spoken  of  as  virulent,  it  is  supposed  to  be  virulent  as  a  whole, 
and  little  or  no  attention  is  paid  to  its  individual  members.  They 
are  tacitly  assumed  to  possess  this  character  in  common.  As  a  cul- 
ture attenuates  by  passage  on  artificial  media,  the  formerly  virulent 
germs  are  again  assimied  to  lose  their  invasive  property  simultane- 
ously and  uniformly. 

This  point  of  view  persists  in  spite  of  numerous  facts  that  show  the  assump- 
tion of  a  community  of  characteristics  to  be  without  foundation.  Chauveau  and 
Phisalix  (1)  demonstrated  atypical  forms  of  B.  anthracis  in  cultures  from  the 
lymph  glands  of  animals  that  had  died  of  this  infection.  Their  hacille  en  clou 
possessed  a  morphology  distinctly  different  from  that  of  the  typical  organism. 
It  was  completely  avirulent.  Elser  and  Huntoon  (2)  found  that  colonies  of  dif- 
ferent appearance  existed  side  by  side  in  freshly  isolated  cultures  of  Micrococcus 
catarrhalis,  and  that  one  type,  increasing  with  each  passage,  tended  finally  com- 
pletely to  supplant  the  other.  Bordet  and  Sleeswijk  (3)  found  an  interesting 
variation  to  occur  in  the  behavior  of  B.  pertussis.  When  freshly  isolated,  this 
organism  grew  only  upon  media  enriched  with  blood,  but  after  several  passages 
it  became  able  to  multiply  upon  ordinary  media.  The  blood  microbe  had  anti- 
genic characters  distinctly  different  from  those  of  the  agar  microbe.  Von  Lingels- 
heim  (4)  discovered  that  variants  having  a  peculiar  type  of  colony  formation 
arise  in  laboratory  cultures  of  B.  typhosus.    His  work  has  been  elaborated  and 
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extended  to  other  members  of  the  colon-typhoid  group  by  GUdcmeister  (5). 
Baerthlein  (6)  has  demonstrated  the  simultaneous  presence,  in  single  cultures  of 
B.  pyocyaneus,  Staphylococcus  aureus,  and  B.  coli,  of  individuals  giving  rise  to 
colonies  of  different  appearance.  The  "H"  and  "O"  forms  of  B.  proleus,  first 
described  by  Weil  and  FelLx  (7),  are  well  known.  Eisenberg  (8)  and  VV'agner  (9) 
have  studied  thoroughly  the  presence  of  variants  in  cultures  of  B.  aulliracis. 

The  researches  of  Bordet  on  phagocytic  reactions  in  vivo,  following  injections 
of  Vibrio  mclchnikovii {\0)  and  of  streptococcus  (11),  have  brought  out  with  strik- 
ing clarity  differences  in  virulence  existing  among  the  individuals  of  one  culture. 
It  is  remarkable  that  little  stress  has  been  laid  on  findings  of  such  significance. 

With  this  exception,  diflferences  of  virulence  have  received  little 
attention  in  the  above  mentioned  studies.  It  has  been  our  good 
fortune,  in  the  course  of  studies  on  the  rabbit  septicemia  bacillus,  to 
observe  wide  variations  in  this  characteristic,  associated  with  definite 
difference  in  growth  on  fluid  media  and  in  colony  formation.  If  all 
the  organisms  in  these  cultures  had  possessed  indistinguishable 
growth  characters,  little  progress  could  have  been  made.  As  it  is, 
the  association  of  a  readily  observable  criterion  with  the  virulence 
variation  has  greatly  simplified  the  study  of  this  problem. 

Origin  of  Materials. 

The  strains  of  the  rabbit  septicemia  bacillus  used  were  isolated 
from  spontaneous  infections  occurring  among  the  normal  animal  stock 
of  this  laboratory.  Eight  strains  were  obtained  in  pure  culture  from 
the  heart's  blood  at  necropsy.  The  pathologic  picture  in  six  of  these 
cases  was  that  of  bronchopneumonia,  iibrinopurulent  pleuritis,  and 
pericarditis.  In  the  remaining  two  no  gross  lesions  of  any  kind  were 
discernible,  but  the  organisms  were  present  in  large  numbers  in  the 
heart's  blood. 

Method  of  Isolation. 

The  heart's  blood  obtained  at  necropsy  was  planted  in  10  per  cent 
defibrinated  rabbit  blood  broth.  After  incubation  for  24  hours  the 
cultures  were  plated  out  in  5  per  cent  rabbit  serum  agar.  Isolated 
colonies  were  fished  to  rabbit  serum  broth.  After  incubation,  growth, 
and  microscopic  study,  this  culture  was  streaked  on  10  per  cent  rabbit 
serum  agar  slants,  incubated  for  10  hours,  and  then  stored  in  the  ice 
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chest  for  7  days,  when  it  was  again  transplanted.     This  routine  was 
rigorously  observed  for  all  strains. 

Characteristics  of  the  Organism. 

The  organism  under  investigation  is  without  doubt  one  of  the  pasteurella.  It 
is  probably  identical  with  the  bacillus  of  rabbit  septicemia  first  accurately 
described  by  Theobald  Smith  (12).  It  is  a  minute  non-motile  bacillus,  occurring 
singly  or  in  pairs.  It  is  frequently  coccoid  in  shape  and  in  fresh  preparation 
might  be  mistaken  for  pneumococcus.  It  is  Gram-negative  when  stained  by 
Stirling's  method.  Its  bipolar  nature  is  best  demonstrated  in  films  from  the 
heart's  blood,  iked  by  heat,  and  stained  for  5  minutes  in  the  cold  with  Loeffler's 
methylene  blue.  The  microbes  in  the  films  from  pleural  fluid,  tissues,  and 
cultures  tend  to  stain  solidly.  Pleomorphism  is  most  marked  in  the  condensation 
water  of  serum  or  plain  agar  slants. 

Beef  infusion  broth  and  beef  infusion  agar,  pH=7.4,  fractionally  sterilized,  were 
used  as  base  medium  throughout  the  investigation.  All  the  strains  are  strongly 
aerophilic.  WTien  first  isolated  from  spontaneous  infections  they  grow  very 
feebly  or  not  at  all  on  ordinary  media,  but  quite  abundantly  on  serum  agar  or  in 
serum  broth.  After  several  transplants  on  blood  or  serum  agar,  good  growth 
occurs  on  ordinary  media,  provided  that  a  sufficient  quantity  of  material  is  car- 
ried over.  The  surface  colonies  on  agar  are  circular  in  shape,  with  even  borders. 
They  are  whitish  and  rather  opaque  at  the  center,  more  translucent  toward  the 
edges.  They  are  strongly  fluorescent,  both  in  daylight  and  by  artificial  illu- 
mination. In  serum  and  in  plain  broth  the  growth  is  uniformly  turbid  with  little 
tendency  to  sedimentation.  In  tubes  of  serum  broth,  inoculated  with  0.05  cc.  of 
a  16  hour  culture,  the  lag  period  is  very  short  and  the  peak  of  growth  reached  by 
8  hours  incubation.  From  that  time  on  a  rapid  decrease  in  the  number  of  viable 
organisms  occurs. 

There  is  no  visible  growth  on  potato.  Carbohydrates  do  not  enhance  growth. 
The  strains  isolated  in  this  laboratory  ferment  dextrose,  levulose,  saccharose,  and 
xylose  with  acid  but  no  gas.  The  medium  used  was  sugar-free  broth  to  which  1 
per  cent  of  carbohydrate  was  added.  The  pH  before  inoculation  was  7.5.  .\fter 
incubation  at  37°C.  for  66  hours,  the  levulose,  dextrose,  and  saccharose  tubes 
were  found  to  have  reached  an  acidity  of  pH=5.9  to  6.1.  No  acid  formation  was 
observed  in  maltose  or  lactose.  In  fact,  definite  alkalinity  increase  was  observed 
with  lactose — pH=8.2.  Three  strains  received  through  the  kindness  of  Dr.  N.  S. 
Ferry  behaved  as  did  those  just  described,  with  the  exception  that  maltose 
was  fermented. 
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EXPERIMENTAL. 

In  the  course  of  virulence  studies  with  strains  isolated  about  6 
weeks  previously,  the  approximate  number  of  organisms  injected 
into  the  test  rabbits  was  controlled  by  plating  high  dilutions  of  the 
test  culture.  Dilutions  corresponding  to  10~',  10~',  and  10"'  cc.  of 
the  serum  broth  cultures  under  test  were  plated  in  5  per  cent  rabbit 
serum  agar.  It  was  thought  that  plain  agar  might  serve  as  well  for 
this  procedure,  since  all  the  strains  under  test  had  been  growing 
for  some  time  in  artificial  media.     But  upon  seeding  such  dilutions 

TABLE  I. 
Growth  of  Dilutmis  of  Serum  Broth  Culture  R  15  in  Serum  and  Plain  Media. 


Dilution  of 
original  culture. 

No.  of  colonies  on 
plain  agar  plate. 

No.  of  colonies  on 
serum  agar  plate. 

Growth  in 
plain  broth. 

Growth  in 
serum  broth. 

cc. 

10-3 

0 

Countless. 

\o-* 

0 

ti 

— 

— 

10-* 

io-< 

10-' 

0 
0 
0 

it 

1,500 
194 

+ 

0 
0 

+ 
+ 
+ 

io-« 

0 

21 

0 

+ 

10-' 

0 

2 

0 

+ 

+  indicates  growth;  0,  no  growth;  — ,  culture  not  made. 


into  plain  agar  plates,  no  growth  occurred,  despite  the  fact  that 
animals  injected  with  the  same  dilutions  succumbed  with  tjpical 
infections.  It  was  known  that  good  growth  could  be  obtained  upon 
plain  agar  when  a  transplant  was  made  of  fairly  large  amoimts  from 
tube  to  tube.  It  was  considered  of  importance  to  find  out  how  many 
organisms  it  would  be  necessary  to  plant  in  order  to  obtain  growth  in 
medium  without  serum. 

Experiment  1.  Growth  of  Dilutions  of  a  12  Hour  Serum  Broth  Culture  in  Serum 
and  Plain  Agar  and  Scrum  and  Plain  Broth. — A  12  hour  5  per  cent  rabbit  serum 
broth  culture  of  Strain  R  15  was  diluted  with  plain  broth,  pH=7.4,  to  10-' cc. 
of  the  original  culture.  The  dilutions  were  made  as  follows:  Dilution  A,  1  cc.  of 
culture  +  4  cc.  of  broth;  Dilution  B,  0.5  cc.  of  DOution  A  +  4.5  cc.  of  broth; 
Dilution  C,  0.5  cc.  of  Dilution  B  +  4.5  cc.  of  broth;  and  so  on,  to  Dilution  I, 
0.5  cc.  of  which  would  be  equivalent  to  10-'  cc.  of  the  original.    Different  pipettes 
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were  used  for  making  each  dilution.  As  soon  as  the  dilutions  were  completed,  and 
starting  at  dilution  10~'  cc,  0.5  cc.  was  carried  over  into  parallel  large  tubes  of 
plain  and  of  10  per  cent  horse  serum  agar,  which  had  been  melted  and  cooled  to 
45°C.  The  tubes  were  carefully  shaken  and  the  contents  poured  at  once  into 
plates.  Such  plates  were  made  from  aU  dilutions,  from  10~'  down  to  10~'  cc. 
At  the  same  time,  inoculation  of  the  same  amount  of  material  was  made  into 
parallel  series  of  serum  and  of  plain  broth  tubes,  from  dilutions  10~'  to  10~^  cc. 
The  plates  and  tubes  were  incubated  at  37°C.  for  48  hours.  The  result  is  given 
in  Table  I. 

Table  I  shows  that  no  growth  occurred  in  plain  agar  plates,  even 
when  these  were  seeded  with  10~'  cc.  of  the  culture,  an  amount  con- 
taining millions  of  organisms.  Colonies  appeared  on  all  the  serum 
agar  plates,  and  in  all  the  serum  broth  tubes.  On  the  other  hand, 
the  plain  broth  series  showed  multiplication  in  10~^  cc,  but  not  in 
higher  dilutions.  The  most  striking  fact  observed  was  the  char- 
acter of  the  growth  in  the  plain  broth  subculture  from  dilution  10~^ 
cc.  Instead  of  growing  diffusely  with  a  uniform  turbidity,  as  was 
the  case  with  all  the  serum  broth  subcultures,  the  growth  in  the  plain 
broth  tube  was  granular  in  character.  These  granules  were  appar- 
ent even  in  early  phases  of  the  growth.  They  settled  rapidly  to  the 
bottom  of  the  tube,  so  that  in  24  hours  the  supernatant  fluid  was 
perfectly  clear. 

Repetition  of  this  experiment  led  to  the  same  result.  This  phe- 
nomenon can  be  explained  in  one  of  two  ways.  First,  it  might  be 
conceived  that  organisms  growing  diffusely  in  serum  broth  sub- 
cultures might  flocculate  when  cultivated  in  plain  broth.  Or,  second, 
two  t>'pes  of  microbe  might  be  supposed  to  exist  in  the  same  culture, 
one,  preponderatingly  present,  and  capable  of  growing  only  in  serum 
broth,  when  seeded  in  small  amount,  the  other,  less  numerous,  sedi- 
menting  in  fluid  medium,  and  able  to  grow  in  plain  broth,  even 
when  seeded  in  relatively  small  amount.  To  resolve  this  question 
the  following  experiment  was  undertaken. 

Experiment  2.  Persistence  of  the  Growth  Character  of  Granular  and  Diffuse 
Growing  Microbes. — The  plain  broth  subculture,  dilution  10"'  cc,  of  Experiment 
1  grew  in  rapidly  sedimenting,  granular  manner.  This  culture  was  seeded  in 
amounts  of  0.05  cc.  to  parallel  tubes  of  plain  and  of  5  per  cent  rabbit  serum 
broth.  The  procedure  was  repeated  through  six  transfers.  The  granular  growth 
persisted,  in  the  serum  as  well  as  in  the  plain  broth  tubes.    On  the  other  hand. 
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it  will  be  recalled  that  the  serum  broth  subculture,  dilution  10"'  cc,  of  Experiment 
1 ,  exhibited  a  diffuse  growth.  This  culture,  seeded  in  similar  amount  into  parallel 
serum  and  plain  broth  tubes,  continued  to  grow  diffusely  in  the  plain  as  well  as 
in  the  serum  broth  series. 

It  would  seem,  then,  that  the  first  of  the  two  possibilities  suggested, 
i.e.  that  of  a  change  of  growth  character  following  transfer  from 
serum  to  plain  broth,  is  answered  in  the  negative.  On  the  other 
hand,  the  possibility  still  remained  that  the  sudden  transfer  from 
serum  to  plain  broth  might  cause  a  mutation  from  diffuse  to  granular 
growth  character,  which  might  persist  even  after  return  to  serum 
broth.  To  rule  out  this  contingency,  it  was  necessarj'  to  determine 
other  differences  between  the  granular  and  diffuse  growing  microbes, 
which  might  lead  to  the  demonstration  of  their  existence  side  by  side 
in  the  same  culture;  that  is  to  say,  it  was  necessary  to  reveal  their 
coexistence  in  a  given  stock  culture,  without  having  recourse  to 
dilution  into  plain  broth. 

Experiment  3.  Difference  in  Appearance  of  Colonies  of  the  Granular  and  Dif- 
fuse Gro'iiing  Microbes. — .\  stock  serum  agar  slant  of  Strain  R  IS  was  subcul- 
tured  into  5  per  cent  rabbit  serum  broth.  The  culture  after  6  hours  showed  dif- 
fuse growth.  It  was  diluted  to  10~*  cc.  in  plain  broth,  and  subinoculations  were 
made  as  before  into  parallel  series  of  plain  and  serum  broth  tubes.  The  serum 
broth  subculture  showed  diffuse  growth  in  dilutions  10"*  to  10~^  cc.  The  plain 
broth  parallel  subcultures  grew  in  dilutions  up  to  10~*  cc,  but  not  in  dilutions 
10"''  or  10"*  cc.  All  the  tubes  of  this  series  were  granular  in  their  growth 
character. 

The  serum  broth  subculture,  10"*  cc.  (diffuse),  and  plain  broth  subculture, 
10~^  cc.  (granular),  were  now  transferred  into  5  per  cent  serum  broth.  The  trans- 
plant from  the  first  grew  diffusely  and  was  designated  D.  That  from  the  second 
sedimented  rapidly;  it  was  designated  G.  Cultures  D  and  G  were  again  carried 
over  to  serum  broth.  After  6  hours  incubation  at  37°C.,  each  tube  was  diluted 
in  plain  broth  in  the  usual  manner  to  10~^  cc.  of  the  original.  Tube  G  was  thor- 
oughly shaken  to  break  up  the  clumps  before  dilution. 

Dilutions  10"'' and  10~*cc.  of  Cultures  D  and  G  were  plated  in  5  per  cent  serum 
agar.  The  surface  colonies  resulting  from  Inoculation  D  were  strikingly  different 
from  those  of  Inoculation  G.  The  former  were  whitish,  with  rather  opaque, 
gUstening  centers,  fading  into  translucent  outer  zones.  Their  borders  were 
regular.  They  exhibited  marked  fluorescence,  both  by  daylight  and  by  artificial 
light.  The  surface  colonies  of  Type  G  were  somewhat  smaller,  translucent, 
and  bluish  in  color,  had  irregular  serrated  edges,  and  showed  little  or  no 
fluorescence. 
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Colonies  of  the  first  type.  D,  fished  to  5  per  cent  serum  broth,  yielded  diffuse 
growth.  Those  of  Type  G  gave  rise  in  every  instance  to  granular,  rapidly 
sedimenting  cultures. 

The  fact  that  the  difference  in  appearance  of  colonies  accompanied 
the  difference  in  growth  character  in  fluid  medium  was  utilized  at 
once  as  a  means  of  detecting  whether  Types  G  and  D  exist  side  by  side 
in  strains  which  have  never  been  carried  into  plain  broth.  It  will  be 
seen  by  reference  to  Table  I  that  the  TjqDe  G  organisms  in  the  orig- 
inal culture  are  present  in  smaller  numbers  than  those  of  Type  D. 
Since,  ordinarily,  Type  G  grows  in  plain  broth  subcultures  from  dilu- 
tions not  higher  than  10^^  cc,  it  will  be  evident  that  there  is  no  hope 
of  detecting  Type  G  colonies  by  plating  out  high  dilutions  of  serum 
broth  cultures.  Consequently,  the  demonstration  of  coexistence 
had  to  be  sought  by  another  method. 

It  was  observed  that  when  stock  serum  agar  cultures  of  the  various 
strains  were  planted  in  serum  broth  the  resulting  growth  was  dift'use, 
but  that  after  8  to  10  hours  incubation  there  was  always  a  more  or 
less  abundant  sediment  at  the  bottom  of  the  tube.  It  was  assumed 
that  if  the  granular  organisms  were  present  with  the  diffuse  variety, 
it  would  be  logical  to  find  them  in  high  concentration  in  the  sediment. 
This  assumption  was  tested  in  Experiment  4. 

Experiment  4.  Demonstration  of  the  Coexistence  of  Types  G  and  D  by  Plating 
the  Supernatant  Fluids  and  Sediments  of  Serum  Broth  Cultures. — A  stock  10  per 
cent  serum  agar  slant  of  Strain  R  22  was  transferred  to  a  tube  of  5  per  cent  rabbit 
serum  broth.  After  incubation  at  37°C.  for  24  hours,  the  tube  contained  a  uni- 
formly turbid  supernatant  fluid,  and  in  addition  a  distinct  sediment.  The 
supernatant  fluid  was  carefully  drawn  off  by  a  Pasteur  bulb  pipette,  care  being 
taken  not  to  disturb  the  sediment.  The  supernatant  fluid  was  placed  in  a  sterile 
tube,  Tube  A. 

The  sediment  was  now  thoroughly  shaken  up  in  10  cc.  of  sterile  broth — Tube  B. 
Tubes  A  and  B  were  streaked  upon  plain  and  serum  agar  plates,  which  were  then 
incubated  for  24  hours.     The  result  is  summarized  in  Table  II. 

The  two  different  type  colonies  were  now  fished  from  the  serum 
agar  plates  to  serum  broth.  Subcultures  from  the  translucent,  non- 
fluorescent  type  invariably  yielded  granular  strains.  Those  from  the 
opaque,  fluorescing  colonies  gave  rise  to  an  invariably  diffuse  growth. 
Experiment  4  demonstrates  clearly  that  Type  G  and  D  microbes 
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coexist  in  the  stock  serum  broth  tubes.  It  shows  that  Type  G  organ- 
isms, usually  in  the  minority,  can  be  easily  demonstrated  by  the 
separation  of  the  supernatant  fluid  and  the  sediment  of  a  serum 
broth  culture,  and  the  streaking  of  the  latter.  It  must  be  pointed  out 
in  this  place  that  this  method  of  procedure  is  only  necessarj'  when 
Type  D  greatly  predominates.  It  has  been  found  that  when  cultures 
of  the  rabbit  septicemia  bacillus  are  infrequently  transplanted,  the 
more  saprophytic  Type  G  tends  to  gain  the  upper  hand.  Under  these 
conditions  simple  streaking  out  of  a  thoroughly  shaken  culture  suffices 
to  place  both  varieties  in  evidence. 

TABLE   II. 
Dissociation  of  Types  G  and  D  by  Sedimentation. 


Tube. 

Material. 

5  per  cent  serum  agar  plate. 

Plain  agar  plate. 

A 
B 

Supernatant   fluid   of   24 
hr.    serum    broth    cul- 
ture, Strain  R  22. 

Sediment  of  24  hr.  serum 
broth  culture,  Strain  R 
22. 

Good  growth;  both  types 
present.        Type      D 
(fluorescent)     prepon- 
derates. 

Good  growth;  both  types 
present.   T>'pe  G  (non- 
fluorescent)  largely  pre- 
ponderates. 

Scanty     growth;    both 
types     present,     but 
Type    D   preponder- 
ates. 

Very    scanty     growth; 
almost  entirely  non- 
fluorescent  Type  G. 

Up  to  the  present  three  difTerential  characteristics  of  Types  D  and 
G  have  been  discussed.  (1)  Type  G  is  able  to  grow  much  more 
easily  than  Type  D  in  plain  broth;  that  is  to  say,  much  larger 
amounts  of  Type  D  than  of  Type  G  are  necessary  to  cause  multipli- 
cation in  this  medium.  (2)  Type  G  grows  in  minute  granules  in 
liquid  media,  these  particles  sedimenting  rapidly  and  lea\-ing  the 
supernatant  fluid  clear.  Type  D,  on  the  other  hand,  grows  diffusely, 
both  in  serum  and  in  plain  broth.  (3)  The  colonies  produced  by 
Microbe  D  are  distinctly  different  from  those  of  Type  G. 

Careful  study  has  revealed  no  difference  in  morphology  or  tinctorial 
reaction  between  Types  G  and  D.  Their  fermentation  reactions 
have  proved  to  be  identical.  The  question  arises  whether  other 
differences  exist. 
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Since  Microbe  G  grows  with  distinctly  greater  ease  in  plain  broth, 
it  is  easy  to  imagine  that  this  fact  might  represent  an  adaptation  of 
the  organism,  ordinarily  rather  deUcately  adjusted  to  the  parasitic 
state  to  a  saprophytic  existence;  that  is  to  say,  Type  G,  which  is 
more'  saprophytic,  might  exhibit  a  corresponding  loss  in  parasitic 
activity,  and  hence  might  be  of  decidedly  less  virulence  for  rabbits 
than  the  corresponding  Type  D. 

This  hypothesis  is  found  to  be  vindicated  in  a  striking  manner 

in  Experiment  5. 

TABLE  ni. 
Comparative  Virulence  of  Types  G  and  D,  Strain  R  15. 


Type. 

No.  of  passages  alter  dissociation. 

Weight 
of  rabbit. 

Age  of 
culture. 

Amount 

injected 

intra- 

pleurally. 

Result. 

gm. 

hrs. 

cc. 

D 

Serum  broth  third  passage. 

550 
550 

6 

10-' 

io-« 

Negative. 
Died   in   42 
hrs.* 

550 

10-5 

Died   in   42 

hrs.* 

G 

Plain  broth  first,  serum  broth 
second  passage. 

550 
550 
550 

6 

10-' 
10-5 
10-5 

Negative. 

IC 

*  Autopsy  typical;  fibrinopurulent  pleuritis,  pericarditis,  and  bronchopneu- 
monia.   Fure  culture  of  Type  D  from  heart's  blood. 
Plate  of  dilution  10-^  cc,  Type  G,  32  colonies. 
Plate  of  dilution  IQ-*  cc,  Type  D,  21  colonies. 

Experiment  5.  Comparative  Virulence  of  Types  D  and  G.-Microbe  D  was 
obtained  bv  transplanting  a  diffuse  growing  seruin  broth  subculture  from 
dilution  10-8  cc  of  a  6  hour  serum  broth  culture  of  Stock  Stram  R  15.  Ihu-d 
passage  in  serum  broth.  Microbe  G  was  obtamed  by  transplanting  a  granular 
plain  broth  subculture  from  dUution  IQ-^  cc.  of  the  same  serum  broth  culture  of 
Strain  R  15.    Passage  in  serum  broth  exactly  paraUel  to  that  of  Microbe  D. 

Serum  broth  cultures  of  each  variety  were  incubated  for  16  hours  and  seeded 
in  0  OS  cc.  amounts  into  tubes  of  5  per  cent  rabbit  serum  broth.  Incubation  for 
6  hours  at  37°C.  Dilution  in  plain  broth  to  10-«  cc,  care  bemg  taken  to  disin- 
tegrate thoroughly  the  granules  of  Culture  G.  Culture  D  was  then  injected 
S^euraUy,  I  doses  of  10-,  10-«,  and  10"^  cc,  into  rabbits  of  550  gm.  weight. 
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Culture  G  was  injected  by  the  same  route  into  rabbits  of  ttie  same  weight  in 
doses  of  10"',  10"^,  and  10"'  cc.  Dilutions  of  10~*  cc.  of  each  culture  were 
plated  in  5  per  cent  serum  agar.  The  result,  which  was  most  striking,  is  recorded 
in  Table  III. 

Repetition  of  this  experiment  with  the  same  and  with  other  strains 
jaelded  constantly  a  like  result.  In  a  word,  Microbe  G,  recently 
dissociated  from  a  stock  strain,  shows  itself  to  be  distinctly  less  \iru- 
lent  than  its  companion  Type  D  of  the  same  strain.  All  experi- 
ments of  this  type  were  made  with  organisms  dissociated  from  the 

TABLE   IV. 
Virulence  of  Types  D  and  G,  Strain  R  22,  Dissociated  by  the  Sedimentation  Method. 


Type. 

Strain. 

No.  of 

passages  in 
serum 
broth. 

Age  ol  culture. 

Amount 

injected 

intra- 

pleuraUy. 

Result. 

cc. 

G 

R22 

7 

6   hrs., 
per  cc 

1,100,000,000   colonies 

10-* 
10-' 

io-« 

10-1 

Negative. 
(( 

it 

D 

R22 

7 

6    hrs., 
per  cc 

1,140,000,000   colonies 

10^ 
10^ 

10-^ 

ti 

Died   in    16 

days.* 
Died    in    4 

days.* 
Died   in   39 

hrs.* 

*  Autopsies  in  all  cases  typical.  Pure  Type  D  recovered  from  heart's  blood 
of  each  animal. 

same  strain,  at  the  same  time,  and  transplanted  under  rigidly  parallel 
conditions.  The  results  in  Table  III  are  by  no  means  the  most 
striking  obtained,  since  young  rabbits  frequently  resist  0.1  cc.  of  a  6 
hour  culture  of  Tj'pe  G,  while  parallel  T}-pe  D  cultures  are  often 
fatal  in  dose  of  10"'  cc.  and  never  in  less  than  10"*  cc. 

It  might  be  objected  in  the  experiment  just  described  that  the 
Type  G  organisms  had  lost  their  \-irulence  by  reason  of  their  trans- 
plantation, for  one  passage,  in  plain  broth.  The  method  of  dissocia- 
tion by  sedimentation  described  in  Experiment  4  makes  it  easy  to 


PAUL  H.  DE  KRUIF  783 

examine  into  the  validity  of  such  an  objection.  This  technique  was 
therefore  applied  to  Strain  R  22,  and  the  virulence  of  the  resulting 
Type  G  and  D  varieties  tested.  In  this  case  Strain  G  had  received 
no  passage  through  plain  broth. 

Experiment  6.  Virulence  of  Types  D  and  G,  Strain  R  22,  Dissociated  by  the 
Sedimentation  Method. — In  order  to  insure  the  purity  of  each  type,  three  succes- 
sive platings  in  serum  agar,  with  alternate  transfers  into  serum  broth,  were  made, 
after  the  primary  separation  by  sedimentation.  After  the  third  plating,  Microbes 
D  and  G  were  carried  for  three  passages,  daily  transfer,  in  serum  broth.  Each 
was  then  subinoculated  from  a  12  hour  serum  broth  culture  into  a  tube  of  5  per 
cent  rabbit  serum  broth.  Incubation  at  37°C.  for  6  hours;  dilution,  as  usual,  to 
10"'  cc.  of  the  original  culture.  Type  G  was  then  injected  into  1,500  gm.  rab- 
bits, intrapleurally,  in  doses  of  10~^,  10"',  10"^,  and  10"'  cc.  Type  D  was 
injected  by  the  same  route  into  rabbits  of  the  same  size,  in  doses  of  10"^,  10"^, 
10"^,  and  10"'  cc.    The  result  is  given  in  Table  IV. 

It  must  be  stated  here  that  the  infection  in  rabbits  of  large  size  is 
identical  in  nature  with  that  of  young  animals,  the  sole  difference 
being  in  the  time  of  death. 

Experiments  5  and  6  show  clearly  that  Microbe  G  is  distinctly  less 
virulent  than  Microbe  D.  It  was  natural  to  ask  whether  Microbe  G 
could  produce  typical  infections  when  injected  in  overwhelming  quan- 
tities. It  was  found  that  adult  rabbits  tolerated  doses  of  0.5  cc.  of 
whole  serum  broth  culture.  Young  rabbits  were  for  this  reason 
selected  for  the  experiment. 

Experiment  7.  Efect  on  Young  Rabbits  of  Massive  Doses  of  Type  G. — A 
series  of  600  gm.  rabbits  was  injected  intrapleurally  with  3,  2,  1,  0.5,  and  0.1  cc. 
of  a  6  hour  culture  of  Strain  R  15,  Type  G.  The  rabbit  injected  with  3  cc.  suc- 
cumbed in  5  days.  Those  that  received  2  and  0.5  cc.  died  in  32  and  24  hours, 
while  doses  of  1  and  0.1  cc.  produced  no  lethal  effect.  It  is  important  that  the 
organisms  recovered  at  necropsy  showed  a  granular  growth  in  serum  broth,  and 
when  streaked  upon  serum  agar  plates  gave  rise  to  typical  Microbe  G  translucent 
colonies. 

The  pathologic  effects  produced  by  Microbe  G  as  compared  with 
those  produced  by  the  more  virulent  Microbe  D  will  be  dwelt  upon 
in  a  later  communication  in  which  the  possibihty  of  raising  the 
virulence  of  Type  G  will  be  discussed.  It  is  enough  to  say  that  this 
microbe  retains  its  character  of  growth  after  one  passage  through  the 
animal  body. 
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It  is  frequently  remarked  that  the  virulence  of  many  organisms  is 
lost  more  quickly  by  cultivation  in  ordinary  media  than  in  media 
enriched  with  serum  or  blood.  Observations  have  shown  that  with 
Type  D  (virulent)  of  various  strains  of  the  organisms  under  con- 
sideration, the  characteristic  diffuse  growth  is  retained  despite  many 
passages  in  plain  broth.  Since  it  has  been  noted  that  the  characters 
of  diffuse  growth  and  virulence  in  this  instance  accompany  one 
another,  it  was  considered  important  to  discover  whether  plain 
broth  passage  would  depress  the  virulence  of  Microbe  D,  while 
the  diffuse  growth  character  remained.  Experiment  8  supplies  an 
unequivocal  answer  to  this  question. 

Experiment  8.  Comparative  Virulence  of  Type  D,  Strain  R  15,  after  Twenty- 
Five  Parallel  Passages  in  Plain  and  Serum  Broth. — Microbes  D  and  G  were  dis- 
sociated from  Stock  Strain  R  15  by  the  first  of  the  methods  described  above; 
i.e.,  by  dilution  and  parallel  subculture  in  plain  and  serum  broth.  They  were 
plated  three  successive  times  in  serum  agar,  isolated  colonies  being  fished  to  serum 
broth  each  time.  This  insured  as  nearly  as  possible  that  the  strains  arose  from 
a  single  organism.  Microbe  D  was  then  carried  in  parallel  passage  through 
twenty-five  daily  transplantations  in  plain  and  in  serum  broth.  From  time  to 
time  the  cultures  were  streaked  on  serum  agar  plates.  With  both  the  plain  and 
the  serum  broth  tubes  organisms  of  Type  D  only  were  invariably  found.  What  is 
more,  the  plain  broth  strain  retained  perfectly  its  characteristic  of  diffuse  growth. 
The  plain  broth  passage  strain  is  designated  as  D-Pl,  that  of  the  senmi  broth 
passage  as  D-S. 

Microbe  G,  dissociated  at  the  same  time,  was  subjected  to  a  similar  number  of 
passages  in  serum  broth.  The  virulence  of  all  three  of  the  strains  was  now  tested. 
6  hour  serum  broth  cultures  of  Microbes  D-S,  D-Pl,  and  G-S  were  diluted  in 
plain  broth  to  10~'  cc.  of  the  original  cultures.  The  injection  of  the  test  ani- 
mals was  carried  out  immediately  after  the  dilution  of  each  culture.  At  the  end 
of  the  injections  plates  were  in  each  instance  made  in  5  per  cent  serum  agar. 
The  result  is  summarized  in  Table  V. 

Table  V  shows  very  clearly  that  plain  broth  passage  has  Httle  or  no 
effect  upon  the  virtilence  of  Microbe  D.  On  the  other  hand,  Microbe 
G  characteristically  fails  to  kill  in  0.1  cc.  Up  to  the  present  time  we 
have  been  imable  to  discover  Type  D  varieties  possessing  low  \dru- 
lence  in  any  of  our  strains.  What  is  more,  it  is  a  remarkable  fact 
that  Strains  R  19  and  R  21,  which  so  far  have  shown  no  evidence  of 
organisms  of  Type  G,  are  by  far  the  most  invasiv'e  of  any  of  the 
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strains  studied.  This  experiment,  together  with  other  observations 
desc ribedlve  suggest  that  the  mechanism  of  attenu-on  ^^^^^^^^^^^ 
1  .;^„.  tv,pt  i<.  an  overgrowth  of  the  virulent  T>pe  D  by  tne  less 
tulerT^ta  ™s  hUesis  is  amenable  to  experimental  proof 
and  will  be  discussed  fully  in  a  later  communication. 

TABLE  V. 

r  -r  ,.    n  <:i,ni«  V  f  ?  after  Twenty-Five  Parallel  Passages 
Comparative  Virulence  of  Type  D,  Strain  R  15,  '»/'«'■  jj^«  ^ 

in  Serum  and  Plain  Broth. ^^^^^^__^^ 


Type. 


D 


Strain. 


D 


R15 


R15 


No.  of  passages. 


Serum  broth,  twenty- 
five  passages. 


Plain    broth,    twenty- 
five  passages. 


Weight 
of  rabbit. 


R  IS     Serum  broth,  twenty- 
five  passages. 


gm. 

700 
725 
650 
675 

700 
750 
750 
700 

700 
700 
650 
675 


Amount 
Age  of  injected 

culture.  intra- 

pleurally. 


hrs. 

6 


10^ 
10-= 
10-* 
10-' 

10^ 
10-s 
10-* 
10-= 

10-* 
10-' 
10-^ 
10-' 


Result. 


Died  in  24  hrs.f 
"  "  36  "  t 
"  "  42  "  t 
"     "  38   "   t 

"      "  36  "   t 
"      "  24  "   t 

Negative.t 

Diedin31hrs.t 

Negative. 


;S';t,?iS;™'lpur.,e..  pl.url.i.    p.ric.rdUis.  ..d  bronchop^. 
monia.    Pure  cultures  of  Type  D  from  heart  s  blood. 

'Hiri  rSlT-SS:;"  D-S,  30;  Microbe  D^P.,  53;  Microbe 
G-S,  10. 

Immunologic  Relations  of  Types  G  and  D. 
Microbes  G  and  D  in  all  instances  so  far  studied  differ  in  growth 
chLter  in  fluid  media,  in  colony  formation,  and  - --^--^J^^, 
lodcal  to  inquire  into  their  immunologic  relations.  The  first  experi 
Sclis^ed  in  determining  the  degree  o^  distance  offe^^^^^^^^^ 
animals  which  had  survived  injection  with  Microbe  G  to  injections 
of  multiple  lethal  doses  of  the  virulent  Type  D. 
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Experiment  9.  Resistance  of  Animals  Which  Had  Survived  Injection  with  Type 
G  to  Multiple  Lethal  Doses  of  Type  D. — Rabbits  1  and  2,  weighing  1,500  gm.  each, 
withstood  with  no  visible  effect  0.1  and  0.5  cc.  of  Type  G,  Strain  R  15,  injected 
intrapleurally.  14  days  later  they  were  injected  by  the  same  route  with  10~* 
cc.  of  a  6  hour  serum  broth  culture  of  the  virulent  T-ypc  D,  Strain  R  15.  Imme- 
diately afterward,  controls  of  the  same  weight  received  doses  of  10"",  10"',  and 
10"''  cc.  of  the  same  culture.    The  result  is  summarized  in  Table  VI. 

As  seen  from  Table  VI,  Rabbits  1  and  2  were  resistant  to  at  least 
100  lethal  doses  of  the  virulent  Strain  D.  It  is  of  interest  that  such 
solid  immunity  should  be  conferred  by  a  single  injection  of  the 
less  virulent  Strain  G.     Other  experiments  gave  the  same  result.     It 

TABLE   VI. 

Resistance  of  Animals  Which  Had  Survived  Injection  with  Type  G,  Strain  R  15,  to 
Multiple  Lethal  Doses  of  Type  D,  Strain  R  15. 


Rabbit  No. 

Amount  of  Type 

G  injected 

intrapleurally 

14  days 

previously. 

Weight  of  rabbit. 

Amount  injected 

for  test 

of  Type  D. 

Result. 

cc. 

sm. 

cc. 

1 

0.1 

1,500 

10-' 

Negative. 

2 

0.5 

1,500 

W-* 

it 

3 

1,450 

io-« 

Died  in  9  days.* 

4 

1,500 

10"5 

tt             (t      A         H            * 

5 

1,475 

10"< 

It          tl     A       it         • 

*  Autopsy  typical.    Pure  Type  D  recovered  from  heart's  blood. 
Number  of  colonies  on  serum  agar  plate  of  dilution  10"*  cc,  16. 

must  be  remarked  that  no  experiments  have  been  instituted  that 
would  indicate  the  comparative  immunizing  efScacy  of  the  virulent 
Type  D  and  the  less  varulent  Type  G. 


Agglutination  Reactions  of  Types  G  and  D. 

The  vaccinating  power  of  Type  G  against  the  virulent  Tj^je  D 
has  been  clearly  demonstrated  in  Experiment  9.  The  results  of 
agglutination  studies  bear  out  the  community  of  antigenic  quality 
suggested  by  the  vaccination  experiments.  Stable  suspensions  of 
Microbe  G  (granular)  may  be  prepared  by  washing  the  organisms 
from  5  per  cent  serum  agar  slants  four  times  in  distilled  water,  and 
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finally  suspending  them  in  this  medium.     0.1  per  cent  formaldehyde 
was  added  to  all  suspensions.  _ 

The  flocculation  of  both  Types  G  and  D  by  immune  sera  is  very  slow 
and  is  much  more  clear-cut  at  55°  than  at  37°C.  The  necessity  of 
incubation  at  55°  is  especially  marked  with  Type  D.  This  act  is 
indeed,  of  differential  value,  since  Type  G  suspensions  agglutinate  very 
well  when  placed  in  contact  with  immune  serum  at  37  C.  for  16  hours 
Parallel  tests  made  on  Microbe  D  at  the  same  temperature  do  not 

give  satisfactory  results.  .     t^  •  ^^ 

Serum  prepared  by  three  intravenous  injections  of  Microbe  D  into 
rabbits  agglutinates  Types  D  and  G  in  titer  of  1:2,000  after  incuba 
tion  at  55°  for  16  hours.    A  serum  resulting  from  similar  injection  of 
Microbe  G  is  considerably  less  active,  agglutinatmg  Type  G  m  1 . 1,000 
and  T'/pe  D  in  1:200.     In  some  instances  Microbe  D  agglutinated 
in  dUution  of  1:50  but  not  in  higher  dilutions.    To  sumup,  the  anti- 
genic power,  as  far  as  the  production  of   agglutinin  is   concerned, 
appears  to  be  decidedly  stronger  in  the  case  of  Type  D  than  of  Type  G. 
Absorption  tests  clearly  indicate  the  community  of  antigenic  char- 
acter of  the  two  types.     Serum  >  Type  D,  Strain  R  15,  agglutinated 
Microbes  D  and  G  in  titer  of  1: 1,500.    After  2  hours  contact  at  55 
"suspension  of  Microbe  D,  the  titer  for  Type  G  had  fallen  to 
1-200  for  Type  D  to  1:80.    The  control  serum,  after  2  hours  at  ii 
wi  hout  the  suspension,  showed  the  original  titer,  1:1,500.    The  sarne 
serum,  placed  for  a  similar  length  of  time  in  contact  -^h  M.crobe  G 
dropped  in  titer  from  1:1,500  to  1:40  for  Types  D  and  G.    Various 
orations  make  it  apparent  that  Microbe  G,  in  addition  to  being 
more  easily  flocculable,  also  has  greater  binding  power  for  the  agglu- 
tinating principle  than  has  Microbe  D.     From  the  foregomg  results 
it  is  apparent  that  there  is  no  qualitative  difference  m  the  antigenic 
nature  of  Types  G  and  D.     In  a  later  communication  these  aggluti- 
nation reactbns  will  be  dealt  with  more  fully,  and  the  acid  floccula- 
b  hty  of  the  two  t>-pes  will  be  discussed.    The  acid  agglutmation 
poin's  of  Types  D  and  G  are  distinctly  different.    They  are  o    the 
nature  of  physical  constants,  and  hence  present  a  valuable  differ- 
ential  criterion. 
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SUMM.\RY  AND  CONCLUSIONS. 

Two  types  of  organism  have  been  shown  to  exist  in  cultures  of  the 
bacillus  of  rabbit  septicemia,  recently  isolated  from  spontaneous 
infections. 

One,  Microbe  D,  grows  diffusely  in  serum  and  plain  broth,  forms 
rather  opaque,  fluorescing  colonies  on  serum  agar,  and  is  highly 
virulent  for  rabbits.  These  characters  are  retained  throughout  many 
passages  in  serum  or  plain  broth. 

The  other  t>-pe,  Microbe  G,  flocculates  rapidly  in  fluid  media, 
forms  translucent,  bluish  colonies  with  little  fluorescence,  and  exhibits 
extremely  low  virulence  for  rabbits.  Like  Microbe  D,  its  distinguish- 
ing characters  persist  throughout  many  passages  in  artificial  media. 

Two  methods  for  the  dissociation  of  these  varieties  from  the  parent 
culture  have  been  described. 

The  two  t^pes  are  morphologically  indistinguishable  and  possess 
identical  fermentation  reactions. 

Rabbits  surviving  inoculation  with  Type  G  are  resistant  to  mifltiple 
lethal  doses  of  Type  D.  The  agglutination  reactions  bear  out  this 
suggestion  of  the  antigenic  identity  of  the  varieties.  Community  of 
antigenic  character  is  rendered  certain  by  the  results  of  absorption 
reactions. 

Microbe  D,  in  contact  with  immune  serum,  flocciflates  well  at  55°, 
but  poorly  or  not  at  all  at  37°C.  Microbe  G,  on  the  other  hand, 
agglutinates  easily  at  both  temperatures. 

Microbe  D,  after  being  carried  through  twenty-five  passages  in 
senmi  and  in  plain  broth,  retains  perfectly  its  characteristics  of 
diffuse  growth  and  of  virulence,  in  the  plain  as  well  as  in  the  serum 
broth. 
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STUDIES  ON  DECREASING  THE  REACTION  OF  NORMAL 

SKIN  TO  DESTRUCTIVE  DOSES  OF  X-RAYS  BY 

PHARMACOLOGICAL  MEANS  AND  ON 

THE  MECHANISM  INVOLVED.* 

By  JOHN  AUER,  M.D.,  and  WILLIAM  D.  WITHERBEE,  M.D., 

Roentgenologist. 

{From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

Plates  100  to  102. 

(Received  for  publication,  March  18,  1921.) 

In  an  earlier  investigation  evidence  was  presented  to  show  that 
an  organism  sensitized  by  a  foreign  protein  could  locally  autoinoculate 
itself  with  the  same  protein  when  certain  conditions  were  fulfilled.' 
As  this  mechanism  would  serve  to  explain  a  number  of  abnormal 
reactions  of  hitherto  cryptogenetic  origin,  it  was  desirable  to  advance 
still  more  proof.  For  this  reason  work  was  undertaken  in  which 
x-rays  were  the  local  irritating  agent  which  caused  the  autoinoculation. 
During  the  preliminary  stages  of  this  research,  however,  an  impres- 
sion gradually  developed  that  a  certain  group  of  rabbits  seemed  to 
show  an  increased  resistance  to  doses  of  ordinarily  destructive  x-rays. 
Since  this  would  be  of  considerable  theoretical  as  well  as  practical 
value,  if  true,  we  abandoned  our  original  object  temporarily  in  order 
to  study  this  point.  The  result  demonstrated  the  correctness  of 
the  impression  that  the  skin  after  the  systemic  incorporation  of  serum 
could  be  rendered  resistant  to  doses  of  x-rays  which  are  lethal  to  the 
tissues  of  non-prepared  animals. 

*A  preKminary  statement  was  recently  published  (Auer,  J.,  and  Witherbee, 
W.  D.,  J.  Am.  Med.  Assn.,  1921,  Lx.xvi,  301). 
'  Auer,  J.,  J.  Exp.  Med.,  1920,  x.xxii,  427. 
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Method. 

An  intcrruptorless,  10  kilowatt,  220  direct  current  machine  with  a  medium  focus 
Coohdge  tube  was  used.  After  preliminary  trials  30  skin  units  (Witherbee- 
Remer  formula)^  were  chosen  as  the  standard  test  dose  of  x-rays.  This  was  pro- 
duced by  a  3  inch  spark-gap,  10  milliampere  current,  6  inch  distance  from  tar- 
get, and  20  minute  exposure.  AU  these  factors  were  constantly  controlled 
throughout  the  period  of  treatment  of  all  the  animals.  No  filter  was  employed, 
except  that  a  disc  of  ordinary  filing  card  was  placed  between  the  tube  and  the 
skin  surface  in  order  to  reduce  the  heat  effect. 

Rabbits  only  were  used.  The  area  x-rayed  was  always  4  sq.  cm.  of  the  upper 
half  of  the  right  ear,  the  central  artery  of  the  ear  passing  through  the  middle  of 
this  space.  The  rest  of  the  ear  and  body  was  protected  by  a  sheathing  of  lead. 
Shifting  of  the  x-rayed  area,  due  to  movements  of  the  animal,  was  minimized  by 
a  simple  device.  The  right  ear  was  turned  forward,  smoothed  out  upon  a  small 
board  and  a  strip  of  plaster  fixed  the  tip  of  the  ear  to  the  board  and  the  board 
to  the  box.  A  mask  of  sheet  lead  provided  with  an  opening  of  2  by  2  cm.  was 
carefully  placed  in  position  on  the  right  ear  and  held  there  by  a  strip  of  plaster. 
After  covering  the  rest  of  the  head  and  the  entire  box  with  lead  sheeting,  the 
animal  was  ready  for  treatment.  Great  care  was  exercised  to  prevent  a  circular 
constriction  of  the  neck.  This  procedure  was  quite  successful,  though  a  moder- 
ate lateral  shifting  of  the  ear  occurred  in  some  instances. 

It  should  be  emphasized  that  the  site  chosen  for  x-raying  offers  a  number  of 
advantages:  the  ear  is  always  easily  available  for  inspection  with  no  discomfort 
to  the  animal;  two  skin  surfaces  are  affected  by  the  x-rays,  the  dorsal  on  entry 
and  the  internal  surface  on  exit  of  the  x-rays;  no  serious  systemic  effects  are  to  be 
feared  even  after  massive  doses  because  the  x-ra>-ing  is  entirely  localized  to  a 
comparatively  small  area;  the  ear  of  the  rabbit  is  richly  vascularized,  and  pos- 
sesses a  number  of  direct  arteriovenous  anastomoses'  which  guarantee  an  espe- 
cially efficient  coOateral  circulation. 

All  animals  except  the  normal  controls  were  x-rayed  on  the  same  day,  but  the 
members  of  no  group  were  x-rayed  in  succession.  The  procedure  was  to  take 
one  animal  from  each  group  in  rotation  until  all  animals  had  been  exposed  to  the 
x-rays. 

After  the  rabbits  had  been  x-rayed  they  were  examined  at  2  to  4  day  intervals 
or  daily  when  necessary,  for  a  period  of  over  300  days,  at  which  time  the 
evidence  was  deemed  sufficient  to  terminate  this  aspect  of  the  work. 

The  end-point  of  the  reaction  was  the  appearance  of  a  spot  of  dry  gangrene 
in  the  x-rayed  area,  with  subsequent  fenestration.  The  number  of  days  which 
elapsed  between  the  time  of  x-raying  and  the  appearance  of  dry  gangrene,  or  the 

2  Witherbee,  W.  D.,  and  Remer,  J.,  Arch.  Dermatol,  and  Syphilol.,  1920,  i, 
558;  .Am.  .J.  Roentgenol.,  1920,  vii,  485. 

3  Berlinerblau,  F.,  Arch.  Anat.  u.  Physiol.,  1875,  177. 
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Text-Fig.  1.  Duration  of  the  reaction  from  the  day  of  x-ray  treatment  to 
the  appearance  of  perforating  gangrene. 
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duration  of  the  inflammatory  process  up  to  gangrene,  was  then  plotted.    Text- 
figs.  1  and  2  bring  out  well  the  striking  difference  between  the  various  groups. 
The  type  of  rabbit  employed,  their  feeding,  care,  method  of  injection,  etc., 
have  been  described  in  an  earlier  paper.' 
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Text-Fig.  2.  Duration  of  the  reaction  from  the  onset  of  the  first  exudate  to 
the  appearance  of  perforating  gangrene. 

The  experimental  animal  material  was  composed  of  four  groups  of  rabbits: 
(1)  normal  controls,  (2)  serum  controls,  (3)  sensitized  group,  and  (4)  sensitized- 
reinjected  group. 

The  normal  controls  were  normal,  untreated  rabbits  in  which  various  doses  of 
s-rays  were  tested  as  described.  Both  ears  were  utilized  at  different  times. 
There  were  six  rabbits  in  this  group;  in  three  the  standard  dose  was  used. 
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The  serum  controls,  five  in  number,  were  normal  rabbits  which  received  a  single 
injection  of  10  cc.  of  horse  serum*  intraperitoneally,  13  days  after  the  ear  had 
been  x-rayed. 

The  sensitized  group  of  rabbits,  five  in  number,  was  sensitized  by  two  sub- 
cutaneous and  two  intramuscular  injections  of  1  cc.  of  horse  serum  each,  at  3 
to  4  day  intervals.  10  days  after  the  last  sensitizing  dose  the  right  ears  were 
x-rayed  locally  with  the  standard  dose. 

The  sensitized-reinjected  group,  five  rabbits,  was  prepared  exactly  as  has  been 
described  for  the  sensitized  group,  but  13  days  after  x-ray  treatment  this  group 
was  reinjected  intraperitoneally  with  10  cc.  of  horse  serum.  This  group  was 
thus  subjected  to  an  anaphylactic  reaction  23  days  after  the  last  sensitizing  dose 
of  serum.     Text-fig.  1  shows  the  relation  of  the  groups  and  the  various  procedures. 

During  the  early  stages  of  the  work  one  rabbit  in  each  of  the  last  three  groups 
died  without  obvious  lesions.  These  groups  therefore  now  consisted  of  four 
rabbits  each. 

RESULTS. 

Before  presenting  the  results  in  detail  we  shall  first  give  the  main 
outstanding  facts  of  this  work. 

The  normal  control  rabbits  developed  dry  gangrene  and  fenestra- 
tion in  the  x-rayed  area  in  30,  33,  and  37  days  respectively. 

The  serum  control  rabbits  showed  dry  gangrene  and  fenestra- 
tion in  the  x-rayed  ears  after  36,  47,  50,  and  50  days  respectively 
(Figs.  1  and  2). 

The  sensitized-reinjected  group  exhibited  the  same  lesions  after 
50,  52,  62,  and  85  days  respectively  (Figs.  5  and  6). 

The  sensitized  group,  however,  responded  quite  differently  on  the 
whole.  Only  one  rabbit  showed  gangrene  and  fenestration  of  the 
ear  in  46  days.  A  second  rabbit  developed  the  same  lesion,  but  only 
after  131  days.  The  two  remaining  rabbits  have  developed  no  gan- 
grene or  fenestration  even  after  the  lapse  of  more  than  340  days 
(Text-figs.  1  and  2  and  Figs.  3  and  4). 

These  data  demonstrate  clearly  that  rabbits  previously  sensitized 
by  the  parenteral  injection  of  horse  serum  acquire  a  remarkably  in- 
creased resistance  in  the  majority  of  instances  to  doses  of  x-rays 
which  are  lethal  to  the  tissues  of  normal  control  rabbits  or  serum 
control  rabbits. 

*  The  horse  serum  was  kindly  furnished  by  Dr.  W.  H.  Park  and  Dr.  E.  J. 
Banzhaf  of  the  Department  of  Health  of  the  City  of  New  York. 
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The  results  also  show  convincingly  that  the  protection  which  serum 
sensitization  previous  to  x-ray  treatment  confers  is  largely  abolished 
when  the  sensitized  and  x-rayed  animals  are  subjected  to  a  general 
anaphylactic  reaction  (Text-figs.  1  and  2,  sensitized-reinjected  group). 

The  main  objective  details  of  the  investigation  are  as  follows:  Within  24  hours 
after  x-ray  treatment  two  to  three  rabbits  out  of  each  group  of  five  showed  a 
slight  pinkness  of  the  x-rayed  area  which  disappeared  within  2  to  3  days.  This 
pinkncss  is  probably  due  to  a  heat  effect  from  the  Coolidge  tube.  Within  4  days 
the  hair  of  the  x-rayed  area  began  to  loosen,  though  there  was  considerable  varia- 
tion. Thus  for  example  on  the  11th  day  after  x-ray  treatment  some  ears  showed 
bald  patches,  while  in  others  the  hair  was  still  firmly  fixed.  This  variation  bore 
no  relation  apparently  to  the  experimental  group.  Pigmentation  of  the  x-rayed 
area  was  noticeable  in  2  to  4  days  after  x-ray  treatment  and  varied  with  the 
different  animals.  In  some  it  became  very  marked,  while  in  others  the  pigmen- 
tation was  always  slight.  The  degree  of  pigmentation  bore  no  definite  relation 
to  the  group  to  which  the  animal  belonged.  A  slight  thickening  of  the  x-rayed 
area,  without  any  obvious  vascular  congestion,  was  first  noticed  9  days  after 
x-ray  treatment;  it  occurred  in  one  to  three  rabbits  of  each  group.  After  11  days 
these  rabbits  showed,  in  addition  to  the  thickening,  a  slight  but  definite  conges- 
tion of  the  x-rayed  area.  13  days  after  x-ray  treatment  all  rabbits,  except  two 
members  of  the  sensitized-reinjected  group,  showed  a  definite  though  slight  con- 
gestion with  slight  thickening  of  the  x-rayed  area.  It  should  be  noted  that  no 
rabbit  had  yet  been  reinjected  with  serum  at  the  time  of  this  examination. 

The  congestion  of  the  x-rayed  area  increased  slowly,  but  not  at  an  equal  rate 
in  all  the  groups.  Thus,  16  days  after  x-ray  treatment  the  serum  control  rabbits 
still  e.xhibited  only  a  slight  congestion  of  the  x-rayed  area,  while  the  sensitized 
group  showed  a  moderate  to  marked  congestion,  and  the  sensitized-reinjected 
animals  a  fair  to  moderate  congestion.  Associated  with  the  increased  congestion 
there  was  also  a  slight  increase  in  the  thickness  of  the  x-rayed  patch. 

After  18  to  25  days  generally  the  x-rayed  area  developed  an  exudate  on  both 
surfaces  which  dried  into  crusts.  The  healing  of  this  first  inflammation  was 
usually  complete  within  28  to  36  days  and  the  x-rayed  areas  now  appeared  like 
healed  superficial  wounds.  The  x-rayed  area  was  absolutely  bald  and  practically 
free  of  crusts;  the  skin  was  thin,  whitish,  glistening,  and  easily  crinkled  into  thin 
folds;  the  blood  supply  was  good,  though  many  rabbits  showed  pearly  white 
spots  in  the  x-rayed  areas;  there  was  no  gangrene. 

This  termination  of  what  we  shall  call  the  first  inflammation  did  not  take 
place  in  all  rabbits,  but  occurred  in  a  majority  of  the  serum  controls,  the  sensi- 
tized group,  and  the  sensitized-reinjected  group  (Table  I).  In  the  normal  con- 
trols (three  rabbits)  this  first  inflammation  with  crusts  did  not  clear  up  but  passed 
at  once  to  a  complete  perforating  gangrene.  The  same  fact  was  also  observed 
once  in  the  serum  control  group  (No.  CX  18)  and  once  in  the  sensitized-reinjected 
group  (No.  HSX  8)  (Table  I). 
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The  recovery  from  the  first  inflammation  and  the  disappearance  of  the  crusts 
were,  however,  not  permanent  in  all  the  rabbits.  After  a  period  during  which 
the  x-rayed  areas  looked  like  healed  or  practically  healed  surface  wounds,  another 
exudate  appeared  unexpectedly  on  these  x-rayed  surfaces.  This  typical,  second 
inflammation  always  led  to  a  perforating  gangrene  (Table  I).  The  interval 
elapsing  between  the  end  of  the  first  inflammation  and  the  onset  of  the  second 
inflammation  varied  from  3  to  13  days  in  the  serum  controls  and  the  sensitized- 
reinjected  group.  In  the  sensitized  group,  on  the  other  hand,  the  interval  before 
the  second  inflammation  appeared  was  14  days  in  one  rabbit,  68  days  in  a  second, 
and  in  the  two  remaining  rabbits  no  second  inflammation  leading  to  gangrene 
has  developed  after  more  than  340  days  (Table  I  and  Text-fig.  1).. 

The  character  of  the  second  inflammation  occurring  in  the  x-rayed  area  was 
interesting.  A  fairly  marked  redness  and  swelling  of  the  x-rayed  tissue  preceding 
gangrene  were  observed  only  once  (No.  HSX  11),  and  in  all  the  other  rabbits  in 
which  fenestration  of  the  ear  developed,  the  inflammatory  signs  were  a  moderate 
pinkness  of  the  x-rayed  tissue  with  no  definite  swelling  or  heat;  the  most  notice- 
able feature  was  the  appearance  of  a  sticky  exudate,  often  on  both  ear  surfaces. 
This  e.xudate  apparently  was  poured  out  at  various  rates,  for  the  subsequent 
crusts  exhibited  a  definite  lamination^  in  many  instances. 

The  difference  between  the  inflammatory  reaction  of  the  x-rayed  tissue  and 
the  normal  surrounding  tissue  was  well  illustrated  in  four  animals,  one  in 
each  group— Nos.  CX  21,  CX  14,  HSX  11,  and  HSX  8  (Table  I).  In  these 
rabbits  an  inflammation  of  the  right  ear  set  in,  perhaps  due  to  scratching.  This 
inflammation  was  most  marked  around  the  periphen.'  of  the  x-rayed  area,  espe- 
cially at  the  upper  and  lower  borders.  In  the  untreated  part  the  tissues  were 
red,  swollen,  hot,  and  in  two  rabbits  (Nos.  HSX  11  and  HSX  8)  a  tongue  of 
edema  ran  from  the  lower  border  of  the  .x-rayed  area  towards  the  base  of  the  ear; 
the  blood  vessels  of  the  untreated  part  of  the  ear  were  markedly  dilated.  The 
inflamed  tissue,  however,  stopped  sharply  at  the  x-rayed  area,  and  this  latter 
tissue,  while  more  or  less  pink  in  all,  stood  out  in  striking  contrast  to  the  inflamed 
surroundings,  which  thus  framed  the  comparatively  pallid  x-rayed  area.  The 
central  arten,',  turgid  with  blood  above  and  below  the  x-rayed  area,  was  a  mere 
red  thread  within  this  space.  There  was  no  appreciable  thickening  of  the  x-rayed 
area  on  palpation  except  in  No.  HSX  11,  in  which  a  well  marked  edema  of  the 
lower  portion  set  in.  The  second  inflammation  of  the  x-rayed  area  was  there- 
fore in  general  of  a  definite  subacute  character,  while  the  first  inflammation 
resembled  a  mild,  acute  inflammation. 

Another  striking  difference  between  the  x-rayed  and  normal  tissues  was  observed 
in  the  development  of  e.xudate  and  crusts  in  the  four  rabbits  mentioned  above. 
The  marked  inflammation  of  the  normal  ear  tissue  did  not  lead  to  exudate  and 
crust  formation,  while  thick  crusts  often  developed  in  the  x-rayed  areas. 

^  This  lamination  was  observed  in  the  secondarv-  e.xudate;  no  notes  were  made 
on  the  structure  of  the  crusts  in  the  primar>'  exudate. 
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The  chief  sign  which  heralded  the  onset  of  a  perforating  gangrene  was  the 
appearance  of  a  small,  brown-black,  slightly  sunken  spot  on  the  internal  skin  sur- 
face of  the  x-rayed  area;  occasionally  an  exceptionally  thick  crust  was  the  first 
sign.  In  the  last  three  groups  the  sunken,  discolored  spot  was  noted  seven  times 
in  the  ten  rabbits  in  which  fenestration  took  place.  The  appearance  of  this  dis- 
coloration, however,  did  not  invariably  foretell  the  onset  of  a  perforating  gangrene. 
Thus  No.  HSX  13  exhibited  a  brown  discoloration  of  the  internal  surface  with 
slight,  thin  crust  formation  64  days  after  x-ray  treatment.  This  lesion  did  not 
progress,  but  was  practically  healed  on  the  86th  day.  It  will  be  remembered 
that  this  rabbit  belongs  to  the  sensitized  group  and  showed  no  gangrene  of  the 
x-rayed  area  within  more  than  340  days  after  x-rav  treatment  (Table  I  and  Text- 
fig.  1). 

The  initial  point  where  a  perforating  gangrene  developed  was  small  when  first 
observed,  at  times  not  more  than  1  to  2  mm.  in  diameter.  This  dry  spot  then 
increased  in  size,  first  rapidly,  then  slowly  until  an  equilibrium  was  established 
between  the  destructive  and  reparative  factors.  Several  times  two  spots  of 
gangrene  developed,  one  on  each  side  of  and  close  to  the  central  artery  of  the 
ear.  These  two  spots  always  fused  sooner  or  later,  but  the  gangrenous  process 
was  always  more  rapid  away  from  the  artery  than  towards  it,  though  finally  the 
intervening  section  of  the  artery  also  dried  up. 

The  amount  of  tissue  lost  by  gangrene  was  never  equal  to  the  entire  area 
x-rayed;  in  only  two  instances  did  the  loss  exceed  50  per  cent.  The  gangrenous 
process  began  near  the  center  of  the  area  x-rayed  and  then  progressed  towards 
the  borders.  This  spread  was  usually  greater  in  the  lateral  direction  than  towards 
the  root  or  apex  of  the  ear.  In  the  serum  control  group  the  loss  of  tissue  varied 
between  80  and  130  sq.  mm.;^  in  the  sensitized  group  (two  rabbits)  between  117 
and  224  sq.  mm. ;  and  in  the  sensitized-reinjected  group  the  loss  fluctuated  between 
70  and  210  sq.  mm. 

The  measurements  given  are  only  rough  approximations  of  the  losses,  and  no 
effort  was  made  to  determine  the  true  areas  of  the  more  or  less  irregular  fenestra- 
tions.    We  believe,  however,  that  the  figures  convey  a  just  impression. 

In  addition  to  the  second,  subacute  type  of  inflammation  leading  to  gangrene, 
which  has  been  described,  a  delayed,  second  form  of  subacute  inflammation  also 
leading  to  gangrene  may  be  distinguished.  This  form  was  observed  only  once; 
it  occurred  in  Rabbit  CX  18  of  the  serum  control  group  (Table  I).  In  this  rabbit 
the  first  inflammation  beginning  25  days  after  x-ray  treatment  led  at  once  to  a 
perforating  gangrene  36  days  after  treatment.  A  similar  acceleration  of  the 
process  took  place  in  No.  HSX  8  of  the  sensitized-reinjected  group  and  in  all  the 

^  No  measurements  were  made  in  the  last  rabbit.  No.  CX  18,  because  the  gan- 
grene involved  the  border  of  the  ear,  due  to  a  shift  during  x-ray  treatment.  Here 
also  the  loss  was  less  than  SO  per  cent  of  the  x-rayed  area.  The  loss  of  tissue 
sustained  by  the  normal  controls  was  not  measured,  due  to  an  oversight. 
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normal  controls  (Table  I).  In  No.  CX  18,  however,  a  subacute  inflammation 
leading  again  to  gangrene  developed  135  days  after  the  first.  During  this  interval 
of  time  the  remainder  of  the  x-rayed  area  did  not  exhibit  any  obvious  differences 
from  the  x-rayed  areas  of  other  rabbits. 

Final  Changes  in  the  X-Rayed  Area. 

When  the  x-rayed  areas  of  all  the  rabbits  are  examined  some  months  after  the 
last  inflammation,  all  of  them,  including  Rabbits  HSX  12  and  HSX  13  which 
never  developed  a  perforating  gangrene,  show  a  number  of  changes  in  common. 
In  all,  the  x-rayed  area  is  hairless,  the  skin  covering  this  area  is  smooth  with  per- 
haps a  slight  branny  desquamation  on  the  dorsal  surface,  and  this  skin  wrinkles 
readily  into  thin  folds.  Occasionally,  especially  on  the  internal  surface,  numer- 
ous small,  oval,  yellowish  brown  thickenings  of  the  outer  skin  are  observable. 
These  are  less  than  1  mm.  in  diameter  and  still  less  in  thickness.  They  are 
seated  in  cup-shaped  depressions  of  the  skin,  and  probably  represent  keratoses. 
The  borders  of  the  fenestrations  generally  show  little  or  no  thickening,  but  at 
or  near  the  fenestration  one  or  more  red  or  reddish  brown,  slightly  elevated 
papules  are  observable.  These  papules  are  formed  by  a  number  of  dilated, 
small  blood  vessels.  Occasionally,  a  slight  hemorrhage  proceeds  from  the  angi- 
ectasias  and  the  blood  may  burrow  under  the  outer  layers  of  the  skin  epithelium. 
These  small  masses  of  dilated  blood  vessels  were  also  observed  in  Rabbit  HSX  13 
in  which  no  perforating  gangrene  occurred;  they  were  not  seen  in  Rabbit  HSX  12 
of  the  same  group. 

In  addition  to  these  angiectasias  the  x-rayed  areas  show  a  number  of  tortuous 
blood  vessels;  often  they  are  especially  evident  upon  the  internal  surface.  In 
the  two  rabbits  of  the  sensitized  group,  Nos.  HSX  12  and  HSX  13,  in  which 
gangrene  of  the  x-rayed  area  did  not  develop,  these  tortuous  blood  vessels  are 
especially  noticeable  about  the  neighborhood  of  the  central  arter>-,  where  they 
form  a  delicate  tracery  of  blood  channels  which  are  apparently  superficial.  The 
central  artery  itself  in  the  x-rayed  area  of  these  two  rabbits  is  narrow,  slightly 
irregular  in  outline,  and  looks  blurred  in  that  portion  of  its  course  where  the 
angiectasias  are  most  marked. 

The  blood  vessels  of  the  healed,  x-rayed  areas  do  not  react  normally.  In  the 
normal  rabbit  the  ear  vessels  respond  by  an  initial  blanching  when  the  animal 
is  sharply  tapped,  or  a  moderate  struggle  is  induced;  this  blanching  is  foOowed 
by  a  marked  vasodilatation  if  the  original  stimulus  was  sufBciently  strong  and  if 
the  room  is  not  too  cold.  In  the  x-rayed  areas  of  the  experimental  rabbits,  how- 
ever, this  test  causes  at  first  some  increase  in  the  pallor,  which  later  is  replaced 
by  only  a  slight  dilatation  of  both  arteries  and  veins.  This  striking  difference  in 
the  vasomotor  response  of  the  x-rayed  and  untreated  ears  is  well  illustrated  by 
Figs.  1  to  6,  which  were  obtained  by  photographing  the  ears  of  two  members  of 
each  group  of  rabbits  during  the  stage  of  vasodilatation.    It  will  be  noticed  that 
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both  arteries  and  veins  show  a  definite  narrowing  of  caUber  on  entry  of  the  x-rayed 
area,  and  that  the  original  caliber  is  largely  if  not  entirely  regained  when  these 
vessels  issue  from  the  x-rayed  area. 

DISCUSSION. 

From  the  experimental  facts  described  above  and  summarized  in 
the  table  and  charts,  it  is  clearly  evident  that  the  skin  of  rabbits 
under  certain  conditions  may  acquire  a  remarkably  increased  resis- 
tance to  doses  of  x-rays  which  are  surely  destructive  to  control 
animals.  These  conditions  are  that  the  animal  whose  skin  tolerance 
to  x-rays  is  to  be  increased  must  be  sensitized  with  horse  serum 
and  this  sensitization  must  take  place  before  the  rabbit  is  exposed 
to  the  x-rays. 

The  evidence  for  these  conclusions  is  summarized  in  Text-figs.  1  and  2.  In 
these  charts  it  is  shown  that  the  standard  dose  of  30  skin  units  of  x-rays  causes 
a  perforating  gangrene  of  the  ear  in  normal  controls  within  37  days  after  x-ray 
treatment.  The  same  dose  of  x-rays  administered  to  the  ear  of  rabbits  previously 
sensitized  with  horse  serum  (sensitized  group  in  the  chart)  was,  however,  remark- 
ably weakened  in  its  effect  upon  the  tissues  exposed  to  the  x-rays.  Two  animals 
showed  no  gangrene  at  all  during  the  period  of  examination  (over  340  days); 
one  e.xhibited  a  perforating  gangrene  after  the  lapse  of  131  days,  and  only  one 
member  of  the  group  of  four  rabbits  reacted  fairly  like  the  normal  controls  by 
developing  a  perforating  gangrene  in  46  days.  That  sensitization  must  be  pres- 
ent before  the  animal  is  e.xposed  to  the  standard  test  dose  of  x-rays,  if  protection 
from  the  ordinarily  destructive  effects  of  this  dose  is  desired,  is  shown  by  the 
serum  control  group.  These  rabbits  were  normal  animals  and  were  injected 
with  horse  serum  for  the  first  time,  but  this  injection  took  place  13  days  after 
exposure  to  the  x-rays.  In  this  group  all  rabbits  developed  fenestration  of  the 
ears  subsequent  to  dry  gangrene  within  50  days  after  exposure  to  the  x-rays. 
The  serum  injection  after  x-ray  treatment  therefore  conferred  no  marked  trace 
of  protection  to  the  x-rayed  areas  of  the  ears. 

Additional  evidence  to  estabUsh  this  point,  that  sensitization  previous  to 
x-ray  treatment  confers  a  marked  increase  in  resistance,  is  furnished  by  the 
behavior  of  the  x-rayed  area  in  Rabbit  HSX  13  of  the  sensitized  group.  In  this 
animal  the  x-rayed  area  a  number  of  times  exhibited  some  crust  formation  with 
moderate  congestion  of  the  surrounding  vessels.  In  addition,  the  internal  surface 
presented  a  brownish,  sunken  discoloration  such  as  frequently  preceded  the 
appearance  of  a  perforating  gangrene  in  the  x-rayed  areas  of  the  control  rabbits. 
Yet  healing  was  fairly  prompt  and  no  perforating  gangrene  resulted.  The  recu- 
perative power  of  this  x-rayed  area,  therefore,  was  greater  than  that  existing  in  the 
x-rayed  areas  of  the  controls. 
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Another  observation  which  points  to  the  same  conclusion  is  the  inflammatory 
reaction  which  occurred  previous  to  fenestration  within  a  portion  of  the  x-rayed 
area  of  a  sensitized  rabbit,  No.  HSX  11.  This  inflammatory  reaction  was  accom- 
panied by  a  fair  degree  of  redness  and  swelling  and  was  much  more  pronounced 
than  that  observed  in  the  x-rayed  area  of  any  other  rabbit,  though  it  was  con- 
siderably less  than  the  inflammation  which  the  same  rabbit  showed  in  the  adjoin- 
ing untreated  portion  of  the  ear.  This  increased  inflammatory  response  can  only 
be  interpreted  as  an  expression  of  a  more  vigorous  state  of  this  x-rayed  area  when 
compared  to  that  of  rabbits  of  other  groups. 

Another  fact  which  seems  clear  is  that  the  protection  to  x-rays 
which  sensitization  previous  to  x-ray  treatment  gives,  is  largely 
abolished  if  these  animals  are  reinjected  with  serum  after  being  x-rayed ; 
in  other  words,  if  they  are  subjected  to  an  anaphylactic  reaction. 

The  evidence  for  this  statement  is  summarized  in  Text-figs.  1  and  2.  The 
sensitized  and  reinjected  group,  it  will  be  seen,  was  treated  exactly  like  the  sen- 
sitized group  with  but  one  exception:  13  days  after  being  x-rayed  and  23  days 
after  the  last  sensitizing  dose  of  serum,  this  group  was  reinjected  with  horse 
serum,  and  in  consequence  a  mild,  general  anaphylactic  reaction  resulted,  from 
which  all  promptly  recovered.  Nevertheless,  the  further  course  of  the  experi- 
ment showed  that  these  reinjected  rabbits  had  largely  lost  the  protection  which 
mere  sensitization  gives  (see  the  sensitized  group.  Text-figs.  1  and  2),  and  dry 
gangrene  with  fenestration  took  place  in  due  time.  That  some  protection  had 
still  remained,  however,  is  indicated  by  the  fact  that  the  interval  between  x-ray 
treatment  and  gangrene  is  appreciably  longer  in  two  animals  (62  and  85  days 
respectively)  than  in  any  of  the  controls  (see  also  Text-fig.  2). 

The  increased  resistance  of  skin-covered  tissues  to  unfiJtered  x-rays 
which  results  from  previous  sensitization  with  an  undenatured  pro- 
tein may  be  roughly  estimated  from  our  data.  In  preliminary 
experiments  we  tested  the  effects  of  IS,  18,  and  22|  skin  units  of 
x-rays  on  areas  of  rabbits'  ears  4  sq.  cm.  in  size.  With  22f  units, 
perforating  gangrene  occurred  in  the  two  rabbits  tested  within  37 
to  43  days.  With  18  skin  units,  perforating  gangrene  took  place 
58  days  after  x-ray  treatment  in  one  rabbit,  and  incomplete  gan- 
grene in  two  others  after  72  days,  when  observations  were  discontinued. 
With  15  skin  units  complete  gangrene  occurred  in  one  rabbit  after 
91  days,  incomplete  gangrene  in  a  second  after  91  days,  and  no  gan- 
grene at  all  in  a  third  animal  after  the  same  interval,  when,  unfortu- 
nately, all  these  rabbits  were  discarded. 
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From  these  incomplete  data  we  may  nevertheless  conclude  that 
sensitization  with  horse  serum  previous  to  x-ray  treatment  can  re- 
duce, at  least  in  some  animals,  the  destructive  value  of  30  skin  units 
of  x-rays  to  a  level  of  15  to  18  skin  units. 

It  must  not  be  forgotten  that  the  conclusions  which  we  have  drawn 
so  far  rest  upon  experimental  e\adence  gained  under  specific  condi- 
tions which  have  been  described  in  detail  above.  Further  work  must 
show  whether  modifications  of  these  conditions  entail  significant 
changes  in  the  result. 

Our  knowledge  concerning  the  various  factors  involved  is  limited.  We  do  not 
know  fully  what  influence  the  degree  of  sensitization  plays;  whether  or  not  a 
phase  of  increased  susceptibility  to  the  action  of  x-rays  precedes  the  establish- 
ment of  a  heightened  resistance;  how  long  this  increased  resistance  persists; 
what  the  maximum  resistance  is  which  can  be  attained  by  this  procedure,  and 
other  questions. 

To  some  of  these  questions  a  partial  answer  can  be  given.  As  far  as  the  degree 
of  sensitization  is  concerned,  one  may  state  that  the  rabbits  employed  were  highly 
sensitized.  In  earlier  series  of  experiments,  the  same  sensitizing  procedure, 
dose,  and  period  of  incubation  had  been  used  by  one  of  us,  and  in  these  animals 
the  intravenous  reinjection  test  had  yielded  a  high  mortality  rate.  It  must 
always  be  remembered,  however,  that  the  degree  of  sensitization  which  a  certain 
fixed  method  achieves,  fluctuates  more  widely  in  rabbits  than  in  guinea  pigs.  This 
may  explain  why  we  failed  to  produce  any  sign  of  protection  in  one  rabbit  of  the 
sensitized  group  (Text-figs.  1  and  2). 

As  far  as  the  maximum  amount  of  x-rays  is  concerned,  our  results  with  30  skin 
units  indicate  that  this  dose  is  fairly  close  to  the  limit  of  tolerance  with  the 
experimental  procedure  employed. 

Specificity. 

The  increased  resistance  to  ordinarily  lethal  doses  of  x-rays  which 
tissues  may  gain  after  a  preliminary  treatment  with  an  undenatured 
foreign  protein  must  be  classed  as  a  non-specific  reaction,  because 
the  altered,  abnormal  response  is  called  forth  not  by  the  sensitizing 
substance  but  by  an  utterly  unrelated,  physical  agent.  Such  non- 
specific reactions  after  sensitization  have  been  described  and  recog- 
nized for  years.  Heilner"  in  1908  observed  that  serum-sensitized 
rabbits  succumbed  to  an  injection  of  4  per  cent  sodium  chloride 
which  was  practically  harmless  to  normal  controls.     Davidsohn  and 

'  Heilner,  E.,  Z.  Biol.,  1908,  1,  487. 
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Friedemann'  showed  that  rabbits  sensitized  with  bovine  serum  react 
with  temperature  elevations  to  doses  of  sodium  chloride  given  sub- 
cutaneously  or  intravenously,  which  produce  no  such  effect  in  normal 
rabbits.  Richet'  noted  that  dogs  sensitized  by  actino-congestine  or 
crepito-congestine  vomited  after  smaller  doses  of  apomorphine  hydro- 
chloride, injected  intraperitoneally,  than  normal  dogs. 

Non-specific  reactions  have  also  been  utilized  therapeutically," 
but  in  this  respect  great  caution  is  advisable.  It  must  be  realized 
that  the  incorporation  of  an  undenatured  foreign  protein  entails 
consequences  of  whose  manifestations  we  are  largely  ignorant,  and 
therefore  often  no  intelligent  balance  can  be  struck  between  the  harm 
and  benefit  which  the  procedure  affords  the  patient.  This  deficiency 
in  our  knowledge  should  theoretically  be  lessened  by  laboratory  work 
on  the  lower  animals.  For  these  reasons  the  irrational  use  of  vac- 
.  cines  and  sera  is  to  be  discouraged.  Such  powerful  drugs  should  be 
used  only  when  nothing  else  suffices  to  gain  the  desired  therapeutic 
end.  A  conscious  distinction  should  be  drawn  between  drugs  whose 
single  injection  exerts  a  comparatively  short  effect  and  those  whose 
single  injection  releases  reactions  which  are  often  masked  and  persist 
for  months  and  even  years.  Sera  and  vaccines  therefore  may  not  be 
employed  with  the  same  careless  freedom,  which,  for  example,  charac- 
terizes the  use  of  various  synthetic  compounds. 

Mechanism  of  Protection. 

From  the  experimental  data  already  presented  and  from  the  more 
obvious  conclusions  which  we  have  so  far  drawn,  no  understanding 
of  the  underlying  mechanism  which  brings  about  this  increased  re- 
sistance of  the  tissues  to  x-ray  destruction  can  be  reached.     Some  such 

^Davidsohn,  H.,  and  Friedemann,  U.,  Bert.  klin.  Woch.,  1909,  xlvi,  1120; 
Arch.  Hyg.,  1909,  Ixxi,  42. 

^  Richet,  C,  Compt.  rend.  Soc.  bioL,  1910,  Lxviii,  820. 

'"For  a  review  see  Jobling,  J.  W.,  The  Harvey  Lectures,  1916-17,  xii,  181; 
MiUer,  J.  L.,  J.  .Am.  Med.  Assn.,  1921,  Ixxvi,  308;  Cowie,  D.  M.,  /.  Am.  Med. 
Assn.,  1921,  ixxvi,  310;  Cuiver,  H.,  /.  Am.  Med.  Assn.,  1921,  kxvi,  311;  Petersen, 
W.  F.,  /.  Am.  Med.  Assn.,  1921,  ixxvi,  312. 
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basis  can  be  obtained,  however,  if  the  results  are  considered  in  the 
light  of  a  broad  generalization  of  anaphylaxis.  Such  a  generaliza- 
tion is  the  experimentally  founded  \aew"  that  an  anaphylactic 
reaction  is  initiated  when  the  anaphylactic  antibody  comes  into  con- 
tact with  its  antigen,  during  which  process  both  antigen  and  anti- 
body largely  if  not  entirely  disappear.  If  Text-figs.  1  and  2  are  exam- 
ined it  will  be  observed  that  the  only  difference  existing  between  the 
sensitized  group  and  the  sensitized-reinjected  group  is  that  the  latter 
was  subjected  to  an  anaphylactic  reaction  13  days  after  the  x-ray 
treatment.  In  the  sensitized-reinjected  group,  therefore,  the  ana- 
phylactic antibodies  had  been  removed  more  or  less,  while  they  were 
still  present  abundantly  in  the  sensitized  group.  Since  a  majority 
of  the  sensitized  group  showed  the  marked  resistance  to  massive  doses 
of  x-rays,  while  in  the  sensitized-reinjected  group  gangrene  took  place 
in  the  x-rayed  area,  it  may  be  inferred  that  this  protection  is  attribu- 
table to  the  anaphylactic  antibodies  which  are  present  in  the  rabbits 
of  the  sensitized  group,  but  which  are  not  present,  or  at  least  not  to 
the  same  functional  degree,  in  the  sensitized-reinjected  group. 

If  the  anaphylactic  antibody  is  responsible  for  the  protection  to 
x-rays  which  the  ears  of  the  sensitized  group  exhibited,  another  in- 
ference may  be  drawn  due  to  the  fact  that  the  x-ray  treatment  in 
the  experiments  was  local.  It  follows  that  this  protection  must  be 
assigned  to  the  antibodies  which  are  anchored  to  the  tissue  cells 
exposed  to  the  x-rays  and  not  to  the  circulating  antibodies.  This  is 
shown  clearly  by  the  animals  in  the  serum  control  group  (Text-figs.  1 
and  2).  These  animals  had  received  one  injection  of  horse  serum,  but 
this  had  been  administered  13  days  after  the  local  x-raying  of  the  ear. 
Within  a  short  period  an  abundance  of  specific  antibodies  must  have 
appeared  in  the  circulation,  and  these  necessarily  must  have  traversed 
the  capillary  system  of  the  x-rayed  area  of  the  ear.  Yet  practically 
no  protection  was  conferred.'-    It  appears,  therefore,  that  the  cells 

•'  Anderson,  J.  F.,  and  Frost,  W.  H.,  /.  Med.  Research,  1910,  xxiii,  44;  see  also 
review  by  Wells,  H.  G.,  Physiol.  Rev.,  1921,  i,  51. 

''A  slight  degree  of  protection  is  probably  present.  As  shown  in  Text-fig.  1, 
the  serum  controls  developed  fenestration  of  the  ears  in  36  to  50  days  while  the 
normal  controls  attained  the  same  state  in  a  shorter  time,  30  to  37  days.  See 
other  evidence  in  Text-fig.  2. 
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of  an  x-rayed  area  are  unable  to  produce  anaphylactic  antibodies 
or  to  fix  them,  when  present  in  the  circulation,  in  suf5cient  amount 
to  protect,  provided  that  the  x-ray  treatment  takes  place  before 
the  injection  of  the  antigen.  The  sensitized-reinjected  group  also 
supports  this  inference;  in  this  group  the  antibodies  formed  as  a 
result  of  the  second  injection  of  serum  did  not  adequately  replace 
those  which  were  originally  fixed  in  the  x-rayed  area  but  which  were 
rendered  inert  by  the  anaphylactic  reaction,  though  a  certain  measure 
of  protection  was  observed  (Text-figs.  1  and  2). 

Finally,  it  may  be  inferred  that  the  locally  fixed  anaphylactic 
antibodies  (sensitized  group)  can  be  functionally  removed  by  an  ana- 
phylactic reaction  (sensitized-reinjected  group)  and  the  local  protec- 
tion which  these  fixed  bodies  gave  against  massive  doses  of  x-rays 
is  then  largely  abolished. '^ 

It  is  probable  that  the  increased  resistance  to  x-rays  conferred  by  a  pre\'ious 
sensitization  to  the  skin  of  rabbits  will  also  be  obtainable  in  man,  and  the  pro- 
cedure may  thus  be  of  utUity  in  human  therapeutics.  Such  a  contingency  will 
appear  when  malignant  growths  must  be  treated  without  the  scalpel.  Under 
these  conditions  the  applicable  dose  of  x-rays  is  directly  limited  by  the  resistance 
of  the  skin  overhing  the  neoplasm  for  example,  and  a  lethal  dose  for  the  can- 
cerous tissue  perhaps  cannot  be  applied  because  it  would  also  destroy  the  integu- 
ment. This  tentative  proposal  presupposes  that  the  cancerous  tissue  does  not 
acquire  the  same  degree  of  resistance  as  the  skin  cells  after  sensitization,  also 
that  the  heavy  doses  of  x-rays  do  not  ultimately  produce  malignant  skin  altera- 
tions. Concerning  the  first  supposition,  there  is  no  knowledge  available  at 
present,  but  the  experimental  test  is  easily  made;  concerning  the  second,  it  may 
be  said  that  no  malignant  changes  in  the  skin  of  rabbits  have  been  observed  after 
a  period  of  more  than  300  days."  Finally,  it  may  be  stated  that  no  objection 
can  be  urged  against  the  parenteral  employment  of  an  undenatured  foreign  pro- 
tein in  such  cases,  because  this  effort  is  perhaps  a  last  scientific  attempt  to  help 
and  it  is  therefore  legitimate  for  the  physician  to  invoke  the  aid  of  the  protein 
molecule,  fully  conscious  though  he  is  that  some  or  many  of  its  various  effects 
are  not  wholly  desirable. 

"  It  is  impossible  to  decide  whether  the  moderate  resistance  of  the  sensitized- 
reinjected  group  is  due  to  an  imperfect  removal  of  the  anchored  antibodies  during 
the  anaphylactic  reaction  or  to  anchorage  of  some  antibodies  subsequent  to  the 
anaphylactic  reaction. 

'■■  This  period  of  time  in  the  rabbit  is  comparable  to  a  much  longer  interval  in 
the  human  subject,  if  we  consider  the  relative  length  of  life  in  the  two  species. 
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That  sensitization  with  a  foreign  protein  protects  the  skin  from  the  harmful 
effects  of  a  subsequent  x-ray  treatment  is  indicated  by  studies  made  by 
Hektoen.  In  a  series  of  important  observations'^  Hektoen  studied  the  effect  of 
massive  doses  of  x-rays  under  various  conditions  upon  the  production  of  anti- 
bodies, the  anaphylactic  antibody  not  being  included.  His  experimental  material 
consisted  of  white  rats,  rabbits,  and  dogs,  and  the  entire  body  of  the  animal  was 
always  subjected  to  the  action  of  the  x-rays.  Hektoen  established  clearly  that 
the  time  of  x-raying  with  respect  to  the  injection  of  antigen  exerted  a  profound 
effect  upon  the  antibodies.  If  the  antigen  was  injected  immediately  after  the 
preparatory  x-ray  treatment  the  production  of  antibodies  was  practically  com- 
pletely restrained.  If,  on  the  other  hand,  the  x-raying  was  carried  out  at  the 
height  of  antibody  production  (days  or  weeks  after  the  antigen  injection)  no 
effect  was  noted  on  the  antibody  output. 

The  observations  which  interested  us  most,  however,  were  as  follows:  When 
young  puppies  were  x-iayed  with  strong  doses  of  x-rays  before  they  were  injected 
with  antigen  (10  per  cent  rat  or  goat  blood  suspensions),  severe  burns  of  the  skin 
were  noted;'^  but  if  they  were  x-rayed  about  7  days  after  the  antigen  injection, 
Hektoen  apparently  observed  no  bums,  for  he  only  states  that  now  many  dogs 
showed  no  disturbances  of  the  general  health. '^  If  we  are  correct  in  this  inter- 
pretation of  Hektoen's  work,  our  observations  in  this  matter  accord  with  his. 
We  have  not  been  able  to  find  any  other  observations  in  the  literature  bearing 
upon  this  question. 

Inflammation  of  the  X-Rayed  Area.] 

In  the  objective  record  of  our  results  we  have  described  three  com- 
binations in  which  inflammation  of  the  x-rayed  ear  surface  may 
appear.  These  three  combinations,  their  distribution  among  the  vari- 
ous experimental  groups,  and  the  duration  of  the  process  can  be  uti- 
lized to  give  further  support  to  the  antibody  theory  which  has  already 
been  discussed.'* 

'*  Hektoen,  L.,  /.  Infect.  Dis.,  1918,  xxii,  28.  This  article  gives  the  references 
to  Hektoen's  earlier  work.    See  also  Hektoen,  L.,  /.  Infect.  Dis.,  1920,  xxvii,  23. 

"Hektoen,  L.,  /.  Infect.  Dis.,  1918,  xxii,  29. 

»^  Hektoen,i«  p.  31. 

"  We  have  not  included  among  the  various  types  of  inflammatory  reaction 
the  combination  noted  in  Rabbit  CX  18  (Table  I).  In  this  serum  control  rabbit 
the  nrst  inflammation  exceptionally  led  at  once  to  complete  gangrene  of  a  section 
of  the  x-rayed  area.  But  135  days  later  a  subacute  inflammation  with  crust 
formation  developed  and  led  to  still  another  loss  of  tissue.  This  delayed  second 
inflammation  healed  in  24  days  (195  days  after  x-ray  treatment).  This  type  of 
reaction  is  probably  allied  to  the  delayed  x-ray  lesions  which  at  times  occur  in  the 
human  subject  months  after  the  last  treatment  (Pfoerringer,  S.'  Review  in  Am.  J. 
Roentgenol.,  1917,  iv,  642). 
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The  three  combinations  of  states  are  as  follows:" 

(1)  First  inflammation gangrene. 

(2)  First  inflammation. .  .healing second  inflammation.  ...gangrene. 

(3)  First  inflammation healing. 

The  distribution  of  these  combinations  is  summarized  in  Table  I. 
An  examination  of  this  table  shows  that  the  second  type  or  combina- 
tion (first  inflammation — healing — second  inflammation — gangrene) 
occurs  only  in  the  groups  which  had  been  subjected  at  one  time  or 
another  to  the  injection  of  horse  serum.  It  was  never  observed  in 
normal  rabbits  treated  with  a  destructive  dose  of  x-rays. 

The  first  combination  (first  inflammation — gangrene)  occurred 
in  all  of  the  three  normal  controls;  it  also  was  observed  in  two  addi- 
tional normal  control  animals  which  had  been  x-rayed  with  22| 
skin  units.  But  in  the  serum  animals  this  combination  was  only 
noted  two  times  (Rabbits  CX  18  and  HSX  8). 

The  third  combination  (first  inflammation — healing)  was  only 
observed  in  the  sensitized  group,  in  which  the  horse  serum  was  ad- 
ministered previous  to  x-ray  treatment.  It  occurred  two  times  out 
of  four  experiments,  in  Rabbits  HSX  12  and  HSX  13.  A  third 
rabbit  of  this  group  (No.  HSX  1 1)  shows  a  very  marked  prolongation 
in  the  interval  between  recovery  from  the  first  inflammation  and  the 
onset  of  the  second  inflammation  which  led  to  gangrene. 

From  the  occurrence  of  the  second  t>T)e  of  combination  (inflamma- 
tion— healing — inflammation — gangrene)  in  eight  out  of  twelve 
rabbits  which  had  been  treated  with  horse  serum  (Table  I),  and  from 
the  failure  of  this  combination  to  appear  in  five  normal  control  ani- 
mals to  which  no  serum  had  been  given,  we  may  infer  that  the 
increased  resistance  of  the  x-rayed  tissue  evinced  by  the  second  com- 
bination of  states  is  definitely  ascribable  to  the  serum  treatment. 
In  other  words,  the  administration  of  serum  at  any  time  within  the 
limits  employed  in  the  experiments  changes  the  reaction  of  the 
x-rayed  tissue  from  the  first  combination  (inflammation — gangrene) 
to  the  second  combination  (first  inflammation — healing — second 
inflammation — gangrene)   in  the  majority  of  the  treated   rabbits. 

"  It  should  be  remembered  that  the  first  inflammation  was  a  mild  acute  form, 
while  the  second  inflammation  was  subacute  in  character. 
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We  conclude,  therefore,  that  this  change  was  due  to  a  protective 
antibody  action  which  was  produced  by  the  parenterally  injected 
horse  serum.  From  the  data  given  in  this  section  no  inference  can 
be  drawn  concerning  the  type  of  antibody  which  caused  this  change 
of  reaction  to  the  standard  dose  of  x-rays.  Such  an  inference,  how- 
ever, can  readily  be  drawn  if  we  use  the  occurrence  of  gangrene  and 
the  duration  of  the  entire  process  (Text-figs.  1  and  2)  as  criteria,  and  in 
a  preceding  section  evidence  has  been  presented  that  the  anchored, 
anaphylactic  antibody  may  be  considered  the  protective  factor. 
It  is  therefore  probable  that  the  same  anchored  anaphylactic  anti- 
body is  also  responsible  for  the  altered  character  of  the  local  reaction 
which  the  serum-treated  rabbits  exhibit  after  x-ray  treatment.  What 
part,  if  any,  is  played  by  other  types  of  antibodies  in  this  matter 
cannot  be  determined  by  the  data  at  hand. 

On  the  basis  of  these  considerations  the  various  successions  of  con- 
ditions obser\'ed  in  the  x-rayed  areas  of  the  rabbits  may  be  explained 
as  follows:  The  inflammation  observed  in  normal  control  animals 
which  ends  in  gangrene  is  the  normal  slow,  destructive  action  of  our 
standard  x-ray  dose  (30  skin  units).  The  tissues  exposed  show  a  mild, 
acute  inflammation  which  leads  to  a  complete  destruction  of  a  por- 
tion of  the  x-rayed  area.  How  these  tissue  changes  are  produced 
by  the  physical  agent,  the  x-rays,  we  do  not  know;^"  vascular  changes 
such  as  we  have  described  undoubtedly  are  involved  in  the  process. 

If  rabbits  are  treated  with  horse  serum  parenterally  and  exposed 
to  the  same  standard  x-ray  dose,  the  type  of  reaction  changes,  due 
to  the  presence  of  anaphylactic  reaction  bodies  anchored  in  the  x-rayed 
area,  the  latter  factor  depending  upon  the  time  or  times  when  the 
serum  is  administered.  If  the  serum  is  administered  about  2  weeks 
after  x-ray  treatment  or  if  it  is  injected  before  and  after  x-ray  treat- 
ment in  such  a  way  that  a  general  anaphylactic  reaction  results,  the 
second  combination  of  conditions  (inflammation — healing — inflamma- 
tion—gangrene) then  appears  in  the  x-rayed  areas  of  a  majority  of 
the  rabbits  (Table  I,  serum  control  group,  sensitized- reinjected  group). 

^"For  a  good  presentation  of  the  various  theories  concerning  the  mode  of 
x-ray  action  upon  tissues,  see  Hall,  C.  C,  and  Whipple,  G.  H.,  Am.  J.  Med.  Sc, 
1919,  clvii,  455. 
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The  first  inflammation  now  progresses  to  healing  due  to  the  presence 
of  anaphylactic  antibodies  anchored  in  the  x-rayed  area.  But  this 
healing  is  only  temporary,  because  the  amount  of  locally  available 
antibodies  is  too  small  or  becomes  functionally  inert,  and  the  slowly 
acting  destructive  forces  gain  the  ascendancy  over  the  reparative 
agencies.  As  a  consequence  the  second  inflammation  appears  which 
leads  to  a  perforating  gangrene.  The  second  inflammation  is  sub- 
acute in  character  because  the  exposed  area  has  been  damaged  by 
the  x-rays,  so  that  it  can  no  longer  react  acutely  to  an  inflammatory 
stimulus. 

If,  however,  the  serum  is  administered  to  a  rabbit  about  10  days 
previous  to  exposure  to  the  standard  dose  of  x-rays,  the  anaphylactic 
antibodies  anchored  in  the  x-rayed  area  may  be  sufficient  in  amount 
to  protect  that  area  for  a  long  period  or  perhaps  even  indefinitely. 
The  succession  of  conditions  is  then  inflammation — healing — (Table  I, 
sensitized  group). 

The  explanation  which  we  have  given  obviously  only  answers  the 
question  why  the  ordinary  process  of  an  x-ray  action  on  tissues  should 
be  altered  when  the  organism  is  treated  with  serum  parenterally ; 
how  this  alteration  is  produced  we  cannot  say  because  it  is  not  known 
how  either  the  x-rays  or  the  foreign  protein  exert  their  effects  upon  the 
tissue  cells. 

The  results  reported  in  this  paper  emphasize  a  precaution  which  ought  to  be 
observed  in  all  animal  experimentation.  Since  mere  sensitization  with  an  alien 
protein  alters  the  reactivity  of  an  organism  not  only  towards  the  specific  alien 
protein  itself,  but  also  towards  an  unknown  number  of  other,  unrelated  sub- 
stances or  even  physical  agents,  it  is  obvious  that  sensitized  animals  cannot  serve 
as  normal  controls  until  it  has  been  demonstrated  that  both  the  sensitized  and 
normal  animals  react  to  the  same  agent  in  the  same  manner  and  to  the  same 
degree.  Discarded  animals  which  have  been  subjected  e.xperimentally  to  the 
action  of  undenatured  proteins  of  bacterial,  protozoan,  metazoan,  or  vegetable 
origin  should  be  used  in  identified  groups  when  they  are  reemployed  for  an  inves- 
tigation. Failure  to  respect  this  precaution  perhaps  explains  some  of  the  dis- 
cordant results  obtained  in  diverse  studies  of  the  same  problem.  It  is  further 
possible  that  some  of  the  erratic  fluctuations  in  the  degree  of  a  reaction  observed 
in  a  group  of  supposedly  normal  animals  have  their  cause  in  an  unsuspected  pro- 
teinization  of  the  abnormal  reactors.  The  possibility  or  even  probability  of  unwit- 
tingly emploving  proteinized  mammalian  material  cannot  be  denied,  for  most 
investigators  are  compelled  to  rely  upon  dealers  for  their  animal  stock.    In  com- 
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oensation  for  this  uncertainty,  we  may  perhaps  look  upon  the  abnormal  reactors 
among  a  group  of  animals  as  indicators  of  a  possible  proteinized  state,  and  thu 
;ra  working  hypothesis  which  may  add  to  our  knowledge  of  non-spec.fic 
phenomena. 

SUMMARY. 

When  a  fixed  area  of  the  ears  of  rabbits  is  subjected  to  the  action 
of  a  standard  destructive  dose  of  x-rays  (30  skin  units)  the  type  of 
reaction  resulting  depends  upon  the  previous  treatment  of  the  rabbity 
(l)  In  normal  rabbits  a  mild  acute  inflammation  develops  in  the 
x-rayed  area  which  leads  at  once  to  a  perforating  gangrene  within 
an  average  of  15  days.     (2)  If  rabbits  are  x-rayed  and  about  2  weeks 
later  injected  with  horse  serum  for  the  first  time,  a  mild  acute  inflam- 
mation appears  which  heals  for  a  time;  then  a  second,  subacute 
inflammation  sets  in  which  leads  to  a  perforatmg  gangrene.     The 
average  time  of  the  process  from  the  first  inflammation  to  gangrene 
is  32  days      (3)  If  rabbits  are  sensitized  with  horse  serum  and  10 
days  later  are  exposed  locaUy  to  the  standard  dose  of  x-rays  the  en- 
suL  ear  reaction  is  either  simflar  to  the  second  reaction  described 
above,  except  that  it  may  last  up  to  110  days,  or  the  first  inflammation 
leads  to  a  healing  which  may  be  apparently  permanent  (340  +  days). 
(4)  If  rabbits  are  first  sensitized  with  horse  serum,  exposed  locally 
to  the  standard  dose  of  x-rays  10  days  later,  and  13  days  after  the 
x-ray   treatment   reinjected  with  horse  serum,  the  reaction  of  the 
x-rayed  area  of  the  ears  is  in  general  similar  to  the  second  reaction 
described   above   (inflammation-healing-inflammation-gangrene). 
The  average  time  of  the  whole  process  is  about  42  days. 

On  the  basis  of  the  general  hypothesis  that  an  anaphylactic  reaction 
is  initiated  in  the  body  when  the  specific  antibody  meets  its  antigen, 
and  that  both  antibody  and  antigen  are  rendered  more  or  less  function- 
aUv  inert  by  their  interaction,  the  following  inferences  may  be  dra^Ti 
from  our  experimental  results.  (1)  The  protection  from  the  effects 
of  a  standard  destructive  dose  of  x-rays  which  a  previous  sensitization 
confers  is  referable  to  the  presence  of  anaphylactic  antibodies  in 
the  x-rayed  area.  (2)  This  protection  is  largely  due  to  the  anaphy- 
lactic antibodies  which  are  anchored  in  the  x-rayed  area,  and  not  to 
those  which  are  free  in  the  circulation.     (3)  An  anaphylactic  reaction 
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renders  the  anchored  anaphylactic  antibodies  largely  impotent  as  pro- 
tective factors  against  the  standard  destructive  x-ray  dose,  even  though 
sensitization  preceded  exposure  to  the  x-rays.  (4)  An  area  treated 
with  the  standard  destructive  dose  of  x-rays  is  unable  to  produce  or 
to  anchor  a  sufficient  amount  of  anaphylactic  antibodies  for  protec- 
tion from  necrosis,  when  the  x-ray  treatment  precedes  the  sensitiza- 
tion, or  when  the  locally  anchored  anaphylactic  antibodies  are  ren- 
dered functionally  inactive  by  a  general  anaphylactic  reaction. 

It  is  possible  that  the  procedure  of  increasing  the  resistance  of  the 
skin  to  a  destructive  dose  of  x-rays  by  means  of  a  previous  sensitiza- 
tion with  protein  may  be  applicable  in  the  treatment  of  certain  types 
of  inoperable  disease,  when  it  is  important  to  use  massive  doses  of 
x-rays. 

Animals  which  have  been  sensitized,  or  sensitized  and  reinjected 
with  any  undenatured  alien  protein,  should  not  be  reemployed  as 
normal  controls  in  any  investigation  unless  trial  has  shown  that  these 
proteinized  animals  react  quantitatively  and  qualitatively  like  normal 
animals. 

The  presence  of  an  abnormal  reactor  in  a  group  of  supposedly  nor- 
mal animals  may  be  an  indication  of  a  previous  proteinization. 

EXPLANATION  OF  PLATES. 

The  photographs  of  the  rabbit  ears  were  taken  by  transillumination  while  the 
blood  vessels  were  in  a  dilated  state.  The  time  of  photographing  was  181  days 
after  x-raying.  The  vessel  traversing  the  middle  of  the  ear  is  the  central  artery 
and  in  most  figures  its  bifurcation  near  the  upper  pole  of  the  ear  can  be  seen. 
The  marginal  ear  vein  is  also  usually  clearly  visible.  The  x-rayed  area  of  the 
right  ear  is  shown  as  a  bald  quadrilateral  space.  Unfortimately  the  normal 
control  rabbits  were  not  photographed. 

Plate  100. 

Fig.  1.  Serum  control  group;  Rabbit  CX  16.  Perforating  gangrene  occurred 
about  SO  days  after  x-ray  treatment. 

Fig.  2.  Serum  control  group;  Rabbit  CX  17.  Perforating  gangrene  occurred 
about  SO  days  after  x-ray  treatment,  but  the  process  exceptionally  is  not  yet  com- 
plete although  181  days  had  passed  since  the  x-raying.  This  is  shown  by  the 
slowly  healing,  superficial  ulcer  to  the  right  of  the  perforation,  appearing  as  a 
black  patch  in  the  photograph. 
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Plate  101. 

Fig.  3.  Sensitized  group;  Rabbit  HSX  12.  This  figure  shows  that  the  bald, 
x-rayed  surface  is  perfectly  smooth  with  no  perforation  or  crusts.  The  central 
artery  in  the  x-rayed  area  is  markedly  narrowed.  This  area  has  remained  in  the 
same  state  for  over  340  days  after  the  date  of  x-ray  treatment. 

Fig.  4.  Sensitized  group;  Rabbit  HSX  13.  The  x-rayed  area  is  intact  and  bald 
and  the  central  artery  shows  clearly  a  partial  stenosis.  The  small  black  spot 
represents  a  slight  hemorrhage  from  a  collection  of  fine,  tortuous,  superficial 
vessels  at  that  point.  The  x-rayed  area  has  remained  in  this  condition  now  for 
more  than  340  days. 

Plate  102. 

Fig.  5.  Sensitized  and  reinjected  group;  Rabbit  HSX  5.  The  perforating 
gangrene  took  place  85  days  after  x-ray  treatment.  This  figure  shows  clearly 
how  both  the  central  artery  and  the  marginal  ear  vein  are  narrowed  in  the  x-rayed 
field. 

Fig.  6.  Sensitized  and  reinjected  group;  Rabbit  HSX  7.  Perforating  gangrene 
took  place  62  days  after  x-ray  treatment.  The  partial  stenosis  of  a  vein  in  the 
x-rayed  area  is  shown  to  the  right  of  the  perforation. 
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PLATE  100. 


Fig.  1. 


Fig.  2. 


(Aucr  and  Withcrbcc:  Reaction  of  normal  skin  to  x-rays.) 
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Fig.  3. 


Fig.  4. 


(Auer  and  Willierbee:  Reaction  of  normal  skin  to  x-rays.) 
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PLATE  102. 


Fig.  5. 


Fig.  6. 

CAucr  and  Witlierbcc:  Reaction  of  lutrm.il  skin  to  x-rays.) 


EFFECT  OF  SMALL   DOSES  OF   X-RAYS    ON   HYPERTRO- 
PHIED  TONSILS  AND  OTHER  LYMPHOID  STRUC- 
TURES OF  THE  NASOPHARYNX.* 
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Plates  103  to  108. 

(Received  for  publication,  March  11,  1921.) 

In  work  carried  on  by  us  over  several  years  we  have  extended  the 
original  observation  of  Heinicke'  on  the  susceptibility  of  lymphoid 
tissue  to  x-rays  and  have  shown  other  ways  in  which  the  x-rays  may 
be  employed  as  a  therapeutic  agent.  It  may  be  regarded  now  as 
established  that  the  l}.Tnphoid  tissue  is  more  highly  susceptible  to 
x-rays  than  any  of  the  structures  of  the  body,  except  the  sex  glands, 
and  that  by  suitable  exposures  it  is  possible  to  remove  almost  all  of 
the  lymphoid  tissue  without  inducing  detectable  changes  in  other 
organs  or  tissues.^  When  the  doses  of  x-rays  are  properly  graded 
even  the  total  number  of  pol^Tnorphonuclear  leucocytes  remains 
unaffected  while  the  l^-mphocytes  fall  to  a  point  at  which  few  are 
seen  in  the  circulating  blood.' 

The  use  of  x-rays  for  reducing  enlarged  lymphoid  organs  is  not  new, 
but  in  the  past  the  doses  employed  for  the  purpose  have  been  large 
and  thus  have  approached  the  danger  point  so  closely  that  it  has 

*  A  preliminary  report  was  made  of  this  work  before  the  American  Society  for 
Clinical  Investigation  and  published  in  the  Proceedings  of  the  Society  (Murphy, 
Jas.  B.,  J.  Am.  Med.  Assn.,  1920,  bodv,  1738). 

1  Heinicke,  H.,  Mitt.  Grenzgeb.  Med.  u.  Chir.,  1905,  xiv,  21. 

^  Murphy,  Jas.  B.,  J.  Am.  Med.  Assn.,  1914,  bdi,  1459.  Murphy,  Jas.  B.,  and 
Ellis,  A.  W.  M.,  /.  Exp.  Med.,  1914,  xx,  397. 

'  Taylor,  H.  D.,  Witherbee,  W.  D.,  and  Murphy,  Jas.  B.,  /.  Exp.  Med.,  1919, 
zxix,  53. 
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been  resorted  to  only  in  extreme  instances.  If,  as  our  work  indicates, 
extensive  reduction  of  lymphoid  tissue  can  be  induced  by  small  doses 
of  x-rays,  well  within  the  safety  limit,  there  is  no  reason  why  x-rays 
should  not  be  used  as  a  therapeutic  agent  in  a  variety  of  conditions. 
For  obvious  reasons  the  tonsil  has  been  selected  for  the  purpose 
of  testing  this  point. 

Histological  examination  of  the  tonsil  shows  it  to  have  a  structure  similar  to 
that  of  other  lymphoid  glands,  with  the  exception  of  the  fact  that  it  is  covered 
on  one  side  by  mucous  membrane  with  crypts  dipping  down  from  the  surface. 
These  crypts  have  been  described  as  natural  test-tubes  for  the  growth  of  bacteria. 
Whether  or  not  the  presence  of  pathogenic  organisms  in  the  cr>'pts  is  the  source  of 
hypertrophy  of  the  organ  or  whether  the  hypertrophy  arises  from  another  set  of 
conditions  is  a  moot  point.  It  is,  however,  agreed  that  enlarged  tonsils  with  re- 
sultant poorly  drained  crypts  have  a  pathological  significance. 

In  addition  to  the  enlargement  of  the  tonsil,  other  lymphoid  deposits 
showing  hypertrophy  occur  through  the  mucous  membrane  of  the 
pillars  of  the  fauces  and  as  masses  back  of  the  posterior  pillars.  These 
structures  also  become  pathologically  altered  in  much  the  same  way 
as  the  tonsil.  They  are  not  subject  to  surgical  removal  as  is  the 
tonsil  but  since  they  are  made  up  of  IjTnphoid  cells  are  subject  to 
influence  by  x-rays. 

The  following  study  was  undertaken  in  order  to  test  the  effect  of 
small  doses  of  x-rays  on  the  tonsil  and  other  IjTnphoid  deposits  of 
the  nasopharynx. 

Technique. 

The  individuals  to  be  treated  are  placed  on  a  table  with  the  head 
tilted  so  that  the  axis  of  the  x-rays  may  pass  imder  the  angle  of  the 
jaw  into  the  region  of  the  tonsil.  The  area  exposed  on  each  side  of 
the  neck  is  about  3  inches  square,  the  surroimding  surface  being 
covered  with  heavy  sheet  lead.  The  factors  governing  the  dose  of 
x-rays  to  each  area  were  as  follows :  8  inch  spark-gap  measured  between 
points,  5  milliamperes,  10  inches  distance  from  the  target  to  the 
highest  point  of  skin  exposed;  the  time  varies  from  3  to  7  minutes, 
depending  on  the  age  of  the  indi%'idual,  and  the  x-rays  were  filtered 
through  3  mm.  of  aluminima.     The  approximate  value  of  this  dose 
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is  from  one  to  one  and  three-quarters  skin  units.  After  an  interval 
of  a  few  weeks  this  treatment  may  if  necessary'  be  repeated  with 
safety.^  To  insure  immobility  in  young  children  a  special  board  has 
been  used  with  retaining  straps  and  the  child's  head  secured  by 
means  of  a  gauze  bandage. 

WTien  excessive  adenoid  tissue  was  present  a  third  area  was  exposed ; 
namely,  the  back  of  the  neck,  Just  below  the  posterior  occipital  region 
with  the  head  tilted  forward.  But  this  site  of  entry  for  the  x-rays  is 
less  favorable,  as  wiU  be  indicated  later  in  this  paper. 

Material. 

This  report  is  based  on  the  study  of  46.  individuals  ranging  in 
age  from  3|  to  45  years  and  observed  1  month  or  longer  after 
treatment.  About  40  other  individuals  were  treated,  but  as  they  did 
not  return  for  examination  they  have  not  been  included.  The  con- 
dition of  the  tonsils  was  noted  in  each  individual  and  a  drawing  show- 
ing the  size  made  by  an  artist  independent  of  the  examining  phy- 
sician. The  state  of  the  tonsils  on  first  examination  varied  from 
that  of  simple  hypertrophy  to  the  enlarged  organ  with  ragged  sur- 
face and  deep  crypts  containing  exudate,  or  the  small  pathologically 
altered  tonsil  associated  with  symptoms  of  systemic  disease.  No 
individuals  were  treated  at  a  time  when  the  throat  showed  signs  of 
acute  inflammation. 

The  histories  of  eleven  selected  tj^-pical  cases  will  be  given  and 
drawings  of  some  of  these,  showing  the  progressive  changes  in  the 
throat. 

Case  .4.— J.  L.  L.,  white,  male;  age  19  years  (Fig.  1). 

Mar.  15,  1920.  Throat:  The  tonsils,  small  and  buried,  the  left  larger  than  the 
right,  ragged  in  appearance;  numerous  crypts  containing  exudate.    Lymphoid 

■*  In  a  later  study  Witherbee  has  recommended  the  use  of  fractional  doses, 
four  or  more  if  necessar>',  treatments  being  given  at  2  week  intervals  (Witherbee, 
W.  D.,  Am.  J.  Roentgenol.,  1921,  viii,  25).  The  factors  of  this  dose  are,  7  inch 
spark-gap  measured  between  points,  5  milliamperes,  10  inches  distance,  time  of 
exposure  3  minutes  and  18  seconds;  filtered  through  3  mm.  of  aluminum.  The 
principal  advantage  of  this  method  is  that  it  makes  the  treatment  more  fle.xible 
and  the  individual  may  be  given  more  nearly  the  amount  of  x-rays  necessary  to 
induce  the  desired  result. 
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tissue  behind  pillars  increased  in  amount;  large  amount  of  adenoid  tissue.  En- 
larged cervical  lymph  nodes.  Bacteriological  e.xamination:'  Right  tonsil  50,  left 
tonsil  150  colonies  of  hemolytic  streptococci;  vault  none.  X-rays:  Three  areas, 
right  and  left  sides  of  neck  and  posterior  occipital  region,  exposed  to  filtered  x-rays; 
spark-gap  8  inches,  milliamperes  5,  time  6  minutes,  filtered  through  3  mm.  of 
aluminum. 

Mar.  22.  Tonsil  tissue  markedly  reduced  and  glazed  and  pale  in  appearance; 
lymphoid  tissue  behind  pUlars  pale  and  smooth.  Bacteriological  examination: 
Right  tonsil  50,  left  150,  and  vault  50  colonies  of  hemolytic  streptococci. 

Apr.  5.  Tonsil  pale;  edges  of  cr>7>ts  inverted;  no  exudate  can  be  pressed  from 
tonsil.  Adenoids  considerably  reduced ;  smooth  and  pale.  Bacteriological  exami- 
nation: Right  tonsil  100,  left  tonsil  50,  and  vault  150  colonies  of  hemolytic  strep- 
tococci. 

Apr.  26.  Little  visible  tonsil  tissue,  of  smooth  appearance;  no  exudate;  adenoid 
tissue  small  in  amount,  smooth  and  regular.  Bacteriological  examination:  No 
hemolytic  streptococci  found. 

Case  B. — E.  S.,  white,  male;  age  26  years  (Fig.  2). 

Dec.  10,  1919.  Throat:  Medium  sized  tonsils  -n-ith  deep  cr>'pts  fuU  of  exudate; 
ragged  inflamed  surface.  X-rays:  Two  areas,  right  and  left  side  of  neck,  exposed 
to  x-rays;  spark-gap  8  inches,  milliamperes  5,  distance  10  inches,  time  6  minutes, 
filtered  through  3  mm.  of  aluminum. 

Mar.  4, 1920.  Tonsil  shows  marked  shrinkage;  some  exudate  present.  X-rays: 
Two  areas,  right  and  left  side  of  neck,  exposed  to  x-rays  in  same  dosage  as  above. 

Apr.  4.    Tonsils  smaU;  smooth  surface;  no  exudate. 

Mar.  5,  1921.    TonsUs  small  with  smooth  surface;  no  exudate. 

Case  C. — H.  \V.,  white,  male;  age  14  years. 

Mar.  17,  1920.  Throat:  Tonsils  very  large,  buried;  irregular  surface;  numerous 
crypts  with  yellowish  exudate.  Mass  of  lymphoid  tissue  back  of  pUlars.  Adenoid 
tissue,  large  mass  covering  surface  of  vault  and  fossa.  Bacteriological  examina- 
tion: Right  tonsil  no  colonies,  left  50,  and  vault  50  colonies  of  hemolytic  strepto- 
cocci. X-rays:  Three  areas,  right  and  left  side  of  neck  and  posterior  occipital 
region,  exposed  to  x-rays;  spark-gap  8  inches,  milliamperes  5,  distance  10  inches, 
time  6  minutes,  filtered  through  3  mm.  of  aluminum. 

Mar.  24.  Tonsils  show  decided  reduction  in  size;  pale,  smooth  surface;  on  pres- 
sure some  whitish  secretion.  Adenoid  tissue  considerably  reduced  and  of  smooth, 
clean  appearance.  Bacteriological  examination:  Tonsils  no  colonies,  vault  50 
colonies  of  hemolytic  streptococci. 

Mar.  31.  Tonsils  show  further  reduction  in  size;  smooth  and  pale;  no  exudate 
on  pressure.  Adenoid  tissue  pale,  smooth,  and  clean;  more  normal  in  appearance. 
Bacteriological  examination:  Tonsils  and  vault  show  no  hemolytic  organisms. 

Apr.  7.  Improvement  continues.  Lymphoid  tissue  along  posterior  pillars  has 
entirely  disappeared. 

^  It  is  obvious  that  the  number  of  colonies  is  roughly  indicative  only,  as  the 
quantity  of  material  inoculated  and  part  of  organ  touched  with  the  loop  are  not 
subject  to  accurate  control. 
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June  14.    Tonsils  flat;  pale  smooth  surface;  adjacent  mucous  membrane  pale; 
edges  of  crypts  inverted  and  crypts  show  retraction.    Adenoid  mass  materially 
reduced.    Bacteriological  examination:  No  cultures  taken. 
Case  D.—S.  A.,  white,  male;  age  31  years. 

Apr.  7,  1920.  Throat:  Tonsils  moderately  enlarged,  buried;  numerous  crypts; 
purulent  fluid  on  pressure.  Marked  hypertrophy  of  lymphoid  tissue  along  pos- 
terior pillars.  No  adenoid  tissue.  Bacteriological  examination:  Right  tonsil 
200,  left  tonsil  200,  and  vault  200  colonies  of  hemolytic  streptococci.  X-rays: 
Three  areas,  right  and  left  side  of  neck  and  posterior  occipital  region,  exposed  to 
x-rays.  Spark-gap  8  inches,  milliamperes  5,  distance  10  inches,  time  6  minutes, 
filtered  through  3  mm.  of  aluminum. 

Apr.  12.  Tonsils  show  some  reduction;  pale  and  smooth;  very  little  exudate  on 
pressure.  Marked  reduction  in  lymphoid  tissue  on  posterior  piUars.  Bacteri- 
ological examination:  Right  tonsil  150,  left  tonsil  200,  and  vault  no  colonies  of 
hemolytic  streptococci. 

Apr.  19.  Tonsils  markedly  reduced,  smooth,  pale,  normal  in  appearance;  less 
exudate  on  deep  pressure.  Further  reduction  in  amount  of  lymphoid  tissue  on 
pillars.  Bacteriological  examination:  Right  tonsil  50  colonies,  left  tonsil  no  col- 
onies, and  vault  50  colonies  of  hemolytic  streptococci. 

May  10.     Tonsils  further  reduced;  mucous  membrane  of  tonsil  and  piUars 
smooth  and  pale;  edges  of  crypts  rounded;  small  amount  of  exudate  on  deep  pres- 
sure.   Lymphoid  deposit  on  pillars  has  practically  disappeared.    Bacteriological 
examination:  No  hemolytic  streptococci  found. 
Case  E.—J.  V.  K.,  white,  male;  age  15  years  (Fig.  3). 

Mar.  31,  1920.  Throat:  Tonsils  large  with  ragged,  irregular  surface;  numerous 
crypts  with  exudate.  Large  irregular  mass  of  adenoid  tissue.  Bacteriological 
examination:  Right  tonsil  150  colonies  of  hemolytic  staphylococci,  50  colonies 
of  hemolytic  streptococci;  left  tonsil  50  colonies  of  hemolytic  streptococci;  vault 
100  colonies  of  hemolytic  staphylococci.  X-rays:  Three  areas,  right  and  left 
side  of  neck  and  posterior  occipital  region,  exposed  to  x-rays;  spark-gap  8  inches, 
milliamperes  5,  distance  10  inches,  time  6  minutes,  filtered  through  3  mm.  of 
aluminum. 

Apr.  7.  Tonsils  sUghtly  reduced;  less  ragged  in  appearance.  Adenoids  show 
some  reduction.  Vault  contains  mucopurulent  discharge.  Bacteriological  exani- 
ination:  Right  tonsfl  100,  left  50,  and  vault  no  colonies  of  hemolytic  streptococci. 
Apr.  14.  Tonsils  markedly  reduced;  surface  irregular,  ragged,  and  congested. 
Adenoid  tissue  reduced;  smoother  surface.  Bacteriological  examination:  No 
hemolytic  organisms  found. 

Apr.  21.  Tonsils  show  stfll  further  reduction;  surface  smooth;  edges  of  cr>'pts 
inverted.  Adenoid  tissue  markedly  reduced;  smooth  pale  surface.  Bacteriologi- 
cal examination;  No  hemolytic  organisms  found. 

Apr.  26.  Tonsils  flat;  pale,  smooth,  clean  surface;  edges  of  crypts  round  and 
mverted.    Bacteriological  examination:  No  hemolytic  organisms  found. 
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May  24.    Tonsils  noraial  in  appearance.    Adenoid  mass  reduced  in  size. 

Sept.  29.  Tonsils  very  small;  smooth,  pale  surface.  Adenoids  greatly  reduced 
and  normal  in  appearance. 

Case  F. — S.  V.  M.,  white,  male;  age  10  years. 

Mar.  24,  1920.  Throat:  Tonsils  large,  partly  buried;  irregular,  ragged  surface; 
numerous  crypts  filled  with  thick  ycUow  exudate.  Lymphoid  tissue  behind  pil- 
lars markedly  hypertrophied.  Large  irregular  mass  of  adenoid  tissue  covered  with 
purulent  exudate.  Bacteriological  examination:  Right  tonsil  200,  left  tonsil  100, 
and  vault  no  colonies  of  hemolytic  streptococci.  X-rays:  Three  areas,  right  and 
left  side  of  neck  and  posterior  occipital  region,  exposed  to  x-rays;  spark-gap  8 
inches,  rmUiamperes  5,  distance  10  inches,  time  6  minutes,  filtered  through  3  mm. 
of  aluminum. 

Mar.  31.  Tonsils  reduced  in  size;  edges  of  crypts  inverted;  less  exudate.  Phar- 
ynx had  duU  red  glazed  appearance.  Adenoid  tissue  considerably  reduced;  pale; 
less  exudate.  Bacteriological  examination:  Right  tonsil  50  colonies  of  hemolytic 
streptococci,  left  tonsil  and  vault  no  hemolytic  organisms. 

Apr.  7.  Tonsils  markedly  reduced;  some  surface  secretion;  crypts  much 
cleaner.  Adenoid  tissue  still  further  reduced.  Bacteriological  examination:  No 
hemolytic  organisms  found. 

Apr.  14.  Tonsils  very  markedly  reduced;  surface  smooth  and  clean;  edges  of 
crypts  inverted  and  smooth;  no  e.xudate  on  deep  pressure.  Adenoid  tissue  smooth; 
normal  appearance.  Lj-mphoid  tissue  back  of  posterior  pUlars  practically  dis- 
appeared.    Bacteriological  examination:  No  hemolytic  organisms   found. 

Sept.  29.  Tonsils  show  further  reduction;  normal  in  appearance;  edges  of  crj-pts 
smooth  and  inverted.  Adenoid  tissue  still  present;  small  amount  of  exudate  on 
pressure. 

Case  G. — J.  W.,  white,  male;  age  17  years  (Fig.  4). 

Mar.  24,  1920.  Throat:  Tonsils  very  large;  ragged  and  congested.  Consid- 
erable h>'pertrophy  of  Kinphoid  tissue  behind  posterior  pUlars.  Bacteriological 
examination:  Right  tonsU  200,  left  tonsU  150,  and  vault  200  colonies  of  hemolytic 
streptococci.  X-rays:  Three  areas,  right  and  left  side  of  neck  and  posterior 
occipital  region,  x-rayed;  spark-gap  8  inches,  milhamperes  5,  distance  10  inches, 
time  6  minutes,  filtered  through  3  mm.  of  aluminum. 

Mar.  31.  TonsUs  showed  marked  reduction;  pale  and  smooth.  Bacteriological 
examination:  Right  tonsil  100,  left  tonsil  50,  vault  100  colonies  of  hemolytic 
streptococci. 

Apr.  14.  Tonsils  show  stiU  further  reduction;  smooth,  normal  appearance. 
L\'mphoid  tissue  behind  posterior  pillars  entirely  gone.  Bacteriological  examina- 
tion: No  hemolytic  organisms  found. 

June  28.    TonsUs  small,  smooth,  pale;  edges  of  crypts  inverted  and  translucent. 

Sept.  13.  TonsUs  show  some  further  reduction;  white  bands  around  edges  of 
inverted  crypts;  right  tonsU  shows  some  cheesy  deposits,  easUy  removed  on 
pressure.  Bacteriological  examination:  Right  tonsU  50  colonies  of  hemolytic 
streptococci,  left  tonsU  and  vault  no  hemolytic  organisms. 
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Feb.  17,  1921.  Tonsils  small,  flat;  surface  smooth  and  pale;  no  exudate.  Bac- 
teriological examination:  No  hemolytic  organisms  found. 

Case  B. — J.  Z.,  white,  male;  age  21  years  (Fig.  5). 

Mar.  10,  1920.  Throat:  Tonsils  moderately  enlarged;  ragged  surface;  numer- 
ous crypts.  Left  tonsil  has  large  fossa  filled  with  purulent  exudate.  Moderate 
sized  mass  of  adenoid  tissue,  irregular,  covered  with  whitish  secretion.  Bacteri- 
ological examination:  Right  tonsO  no  hemolytic  organisms;  left  tonsil  50  colonies 
of  hemolytic  streptococci  and  200  colonies  of  hemolytic  staphylococci;  vault  50 
colonies  of  hemolytic  streptococci  and  50  colonies  of  hemolytic  staphylococci.  X- 
rays:  Three  areas,  right  and  left  side  of  neck  and  posterior  occipital  region, 
exposed  to  x-rays;  spark-gap  8  inches,  rrulliamperes  5,  distance  10  inches,  time 
6  minutes,  filtered  through  3  mm.  of  aluminum. 

Mar.  17.  Tonsils  distinctly  reduced;  cleaner  in  appearance.  Adenoids  cleaner. 
Bacteriological  examination:  No  hemolytic  organisms  found. 

Mar.  31.  Tonsils  reduced;  still  some  exudate.  Adenoid  tissue  reduced,  pale; 
less  exudate. 

Apr.  28.  Tonsils  show  marked  reduction;  smooth,  pale  surface;  crjfpts  clean; 
no  exudate  on  deep  pressure. 

June  14.  Tonsils  show  stiU  further  reduction;  no  exudate  from  right  tonsil, 
small  amount  from  left  on  deep  pressure.    Adenoids  possibly  reduced. 

Sept.  13.  Tonsils  small,  smooth,  pale;  on  deep  pressure  stiU  some  exudate; 
edges  of  crypts  markedly  inverted.    Adenoid  tissue  still  present. 

Mar.  11,  1921.    Tonsils  small;  normal  in  appearance. 

Case  I. — V.  S.,  white,  male;  age  14  years  (Fig.  6). 

Mar.  3,  1920.  Throat:  Tonsils  large,  ragged;  numerous  cr>-pts  fuU  of  pus. 
Large  mass  of  hinphoid  tissue  behind  posterior  pillars.  Large  mass  of  adenoid 
tissue.  Bacteriological  examination:  Right  tonsil  100  colonies  of  hemolytic  strep- 
tococci and  50  colonies  of  hemolytic  staphylococci;  left  tonsil  50  each  of  hemolytic 
streptococci  and  staphylococci;  vault  50  colonies  of  hemolytic  streptococci  and  150 
of  hemolytic  staphylococci.  X-rays:  Two  areas,  right  and  left  side  of  neck, 
exposed  to  x-rays;  spark-gap  8  inches,  miUiamperes  5,  distance  10  inches,  time  7 
minutes,  filtered  through  3  mm.  of  aluminum. 

Mar.  10.  Tonsils  reduced  in  size;  smooth  surface;  less  e.xudate  on  pressure. 
Lymphoid  masses  behind  posterior  pillars  markedly  reduced;  smooth  glazed  ap- 
pearance. Bacteriological  examination:  Right  tonsil  50  colonies  of  hemolytic 
streptococci,  left  tonsil  and  vault  no  hemolytic  organisms  found. 

Mar.  17.  Tonsils  still  further  reduced;  pale,  clean.  Bacteriological  examina- 
tion: No  hemolytic  organisms  found. 

Mar.  24.  Tonsils  smaller;  smooth  surface.  Further  reduction  in  l>Tnphoid  tis- 
sue back  of  pillars.    Bacteriological  examination :  No  hemolytic  organisms  found. 

Apr.  28.  TonsUs  show  marked  reduction  in  size;  pale  and  smooth;  no  injection 
of  mucous  surfaces;  no  exudate  on  deep  pressure;  edges  of  crypts  smooth.  Lym- 
phoid tissue  behind  posterior  pillars  practically  disappeared.  Adenoid  mass  re- 
duced.   Bacteriological  examination:  No  hemolytic  organisms  found. 
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Sept.  13.  Tonsils  small  and  normal  in  appearance;  no  exudate  on  deep  pres- 
sure; edges  of  crj^its  smooth  and  inverted;  mucous  surfaces  show  no  injection. 
Lymphoid  deposits  back  of  pillars  practically  gone.   Adenoids  reduced  but  still  large. 

Case  J. — E.  C,  white,  male;  age  16  years. 

Mar.  22,  1920.  Throat:  Tonsils  large;  numerous  crypts  filled  with  yellowish 
exudate;  large  amount  of  cheesy  material  on  pressure.  Hypertrophy  of  lymphoid 
tissue  on  posterior  pillars.  Large  irregular  mass  of  adenoid  tissue  covered  with 
yellowish  exudate.  Bacteriological  examination:  Right  tonsil  200,  left  150,  and 
vault  150  colonies  of  hemolytic  streptococci.  X-rays:  Two  areas,  right  and  left 
side  of  neck,  exposed  to  .x-rays;  spark-gap  8  inches,  milliamperes  S,  distance  10 
inches,  time  6  minutes,  filtered  through  3  mm.  of  aluminum. 

Mar.  29.  Tonsils  considerably  reduced;  smooth  and  pale;  no  exudate  on  pres- 
sure. Adenoid  tissue  considerably  reduced.  Bacteriological  examination:  Right 
tonsil  200,  left  150,  and  vault  150  colonies  of  hemolytic  streptococci. 

Apr.  5.  Tonsils  further  reduced;  pale  and  smooth;  edges  of  crypts  smooth; 
slight  exudate  on  pressure.  Adenoids  markedly  reduced;  pale,  smooth,  and  clean. 
Bacteriological  examination:  Right  tonsil  50,  left  50,  and  vault  no  colonies  of 
hemolytic  streptococci. 

Apr.  14.  Tonsils  and  adenoids  markedly  reduced;  pale  and  smooth.  Bacteri- 
ological examination:  No  hemolytic  organisms  found. 

May  10.  TonsQs  small;  normal  in  appearance;  mucous  surfaces  pale;  edges  of 
crypts  rounded  and  smooth;  no  exudate  on  deep  pressure.  Lymphoid  tissue  on 
posterior  pillars  has  practically  disappeared.  Adenoid  mass  considerably  reduced 
in  size. 

June  14.  TonsQs  normal  in  appearance.  Adenoids  ver>'  small,  pale,  smooth 
mass. 

Sept.  29.  Tonsils  and  adenoids  small  and  normal  in  appearance;  surface 
smooth;  no  e.xudate. 

Case  K. — J.  F.,  white,  male;  age  16  years. 

Mar.  8,  1920.  Throat:  Tonsils  large,  ragged;  numerous  cr>'pts.  Large  mass 
of  adenoid  tissue.  Enlargement  of  cervical  glands.  Bacteriological  examination: 
Right  tonsil  100,  and  left  tonsil  50  colonies  of  hemolytic  streptococci.  X-rays: 
Two  areas,  right  and  left  side  of  neck,  exposed  to  x-rays;  spark-gap  8  inches, 
milliamperes  5,  distance  10  inches,  time  7  minutes,  filtered  through  3  mm.  of 
aluminum. 

Mar.  15.  Tonsils  reduced;  smooth,  glazed  surface.  Adenoids  considerably 
reduced;  smooth  and  glazed.  Bacteriological  examination:  Right  tonsil  100,  left 
tonsil  150,  and  vault  no  colonies  of  hemolytic  streptococci. 

Mar.  29.  Tonsils  further  reduced;  pale  and  smooth.  Adenoids  also  reduced; 
pale  and  smooth.    Bacteriological  examination:  No  hemolytic  organisms  found. 

.\pr.  5.  Right  tonsil  more  reduced  than  left;  surface  pale  and  smooth.  Ade- 
noid mass  pale,  clean. 
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Apr.  12.  Both  tonsils  further  reduced;  crypts  inverted.  Adenoid  tissue  con- 
siderably reduced.  Bacteriological  examination:  Right  tonsil  50  colonies  of 
hemolytic  streptococci,  left  tonsil  and  vault  no  hemolytic  organisms. 

May  10.  Tonsils  markedly  reduced;  surface  normal;  edges  of  crypts  rounded 
and  inverted;  on  deep  pressure  stiU  slight  amount  of  exudate.  Lymphoid  tissue 
behind  posterior  pUlars  completely  disappeared.  Adenoid  tissue  reduced  but  still 
large.  Enlarged  cervical  glands  somewhat  smaller.  Bacteriological  examination: 
Right  tonsU  5  colonies  of  hemolytic  streptococci,  left  tonsil  and  vault  no  hemolytic 
organisms. 

Sept.  29.  Tonsils  markedly  reduced;  normal  in  appearance;  edges  of  crj^sts 
inverted,  pale;  no  exudate.    Adenoid  tissue  still  present. 

Table  I  shows  the  class  of  cases  which  have  been  treated  with 
x-rays  and  the  result  of  this  treatment. 

In  general  it  may  be  said  that  the  reduction  in  size  of  the  tonsils 
and  other  lymphoid  deposits  in  and  behind  the  pillars  of  the  fauces 
becomes  clearly  evident  about  2  weeks  after  treatment  and  increases 
for  1  to  2  months.  As  the  tonsil  shrinks  the  crypts  open  and  drain, 
and  finally  the  edges  become  inverted  and  the  surface  grows  smooth 
and  healthy  in  appearance.  The  small  lymphoid  deposits  in  the 
pillars  and  the  larger  accumulation  frequently  present  behind  the 
posterior  pillars  of  the  fauces  disappear  promptly  after  the  treatment 
and  at  the  same  time  the  injection  of  the  vessels  subsides. 

The  adenoid  tissue  is,  as  expected  in  view  of  the  portal  of  entry 
used  for  the  x-rays,  not  so  uniformly  reduced  as  the  tonsils.  This 
particular  aspect  of  the  problem  of  reducing  excessive  lymphoid  tis- 
sue in  the  nasopharynx  through  x-rays  is  one  to  which  in  the  near 
future  especial  attention  will  need  to  be  given. 

Bacteriological  Examination . 

Cultures  were  taken  from  the  throats  of  40  of  the  46  individuals 
before  and  at  intervals  after  treatment.  The  material  for  culturing 
was  obtained  from  the  crypts  of  the  right  and  left  tonsils,  by  means 
of  a  platinimi  wire  about  3  inches  long  at  the  end  of  which  was  a 
small  loop  2  mm.  in  diameter,  bent  at  a  right  angle  to  the  main  piece 
of  wire.  The  tongue  was  pressed  down  firmly  with  a  tongue  depres- 
sor, and  the  wire  introduced  into  the  crypt  of  the  tonsil  with  a  "stab 
and  twist"  motion.     Caution  was  used  to  avoid  contamination  from 
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the  tonsil  surfaces  and  the  saliva.  The  material,  so  obtained,  was 
placed  on  a  blood  agar  plate,  and  gently  spread  over  the  surface 
with  another  platinum  wire.  The  plates  were  then  placed  in  the 
incubator  at  37.5°C.  Examinations  of  the  plates  and  records  of 
the  findings  were  made  after  24  and  48  hours  of  incubation. 

Cultures  were  also  taken  from  the  nasopharyngeal  vault  by  means 
of  a  very  thin,  semicircular,  platinum  wire,  at  the  end  of  which  was  a 
small  loop  similar  to  that  of  the  wire  used  in  culturing  the  crypts  of 
the  tonsils.  After  firmly  depressing  the  tongue,  this  wire  was  intro- 
duced into  the  vault  directly  back  of  the  nose.  The  examination  of 
the  blood  agar  plates  of  these  cultures  was  also  made  after  incubat- 
ing for  24  and  48  hours. 

No  attempt  was  made  to  differentiate  the  more  common  organisms 
usually  found  in  the  throat,  such  as  pneumococcus.  Streptococcus  viri- 
dans,  Staphylococcus  albus,  and  Staphylococcus  aureus.  In  distin- 
guishing between  hemolytic  streptococcus  and  hemolytic  staphylo- 
coccus, subcultures  and  stained  films  were  resorted  to.  When  the 
colony  ranged  in  size  from  a  pin-point  to  a  small  pin-head,  and  the 
area  of  hemolysis  around  the  colony  was  from  three  to  five  times 
greater,  streptococcus  was  usually  found.  Colonies  which  were  as 
large  as  pin-heads  or  greater  in  diameter  and  about  which  the  zone  of 
hemolysis  was  very  shght,  appearing  as  a  small  halo,  were  usually 
staphylococcus. 

36  of  the  40  indi\aduals  showed  hemolytic  organisms  to  be  present. 
Of  these,  seven  became  negative  1  week  after  treatment,  fourteen 
after  2  weeks,  eight  after  3  weeks,  and  one  after  4  weeks,  making  a 
total  of  30  of  the  36  treated  cases  which  became  negative.  The  six 
which  continued  to  show  hemolytic  organisms  were  lost  track  of 
before  further  observations  could  be  made. 

Blood   Counts. 

The  results  of  the  x-ray  treatment  on  the  white  blood  cell  count 
were  not  uniform.  The  counts  were  made  at  irregular  intervals  after 
meals  and  after  a  walk  of  several  city  blocks.  When  the  lympho- 
cytes were  reduced  in  numbers  the  reduction  was  shght  and  of  short 
duration,  which  would  indicate  that  the  systemic  eft'ect  of  the  dose 
used  was  very  slight. 
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DISCUSSION. 

The  small  series  of  cases  reported  here  shows  the  possibility  of 
materially  reducing  the  lymphoid  deposits  of  the  nasopharynx 
by  comparatively  small  doses  of  x-rays.  Animal  experiments  had 
shown  that  it  is  possible  with  x-rays  to  induce  any  degree  of  atrophy 
of  the  lymphoid  tissue  without  damaging  other  tissues.  In  the  series 
of  treated  indi\iduals,  in  all  but  three  or  four  instances  one  treatment 
gave  an  entirely  satisfactory  result.  In  two  refractory  cases  a  second 
treatment  was  followed  by  the  desired  degree  of  atrophy  and  a  clear- 
ing up  of  the  pathological  condition.  It  is  most  probable  that  the 
other  few  individuals  who  did  not  respond  to  the  one  treatment 
would  have  yielded  on  further  ex-posure  to  x-rays  but  unfortunately 
the  observations  were  discontinued  before  this  point  could  be  deter- 
mined. 

The  degree  of  atrophy  to  be  aimed  at  is  a  matter  that  experience 
will  decide.  If  a  reduction  below  the  normal  size  and  the  clearing 
up  of  obvious  pathological  states  is  sufficient  as  has  been  indicated  in 
the  majority  of  the  cases  treated  and  observed  by  us,  there  seems  to 
be  no  reason  for  carrying  the  treatment  beyond  this  point.  In  view, 
however,  of  the  mild  nature  of  the  treatment  recormnended  it  appears 
entirely  safe  to  repeat  it  at  suitable  intervals  so  as  to  secure  almost 
any  degree  of  atrophy  that  maj'  be  desired. 

Our  original  idea  in  taking  up  this  work  was  that  the  excess  of 
lymphoid  tissue  interfered  with  the  clearing  up  of  local  infections  of 
the  pharynx.  It  seems  probable,  however,  that  the  disappearance  of 
infection  of  the  tonsils  and  change  in  bacteriological  flora  after  x-ray 
treatment  are  due  to  the  opening  up  and  proper  drainage  of  the 
cr)^ts  which  follow  atrophy,  rather  than  the  actual  removal  of  the 
excess  lymphoid  tissue. 

Tonsils  which  have  been  exposed  to  the  x-rays  and  not  sufficiently 
reduced  in  size  would  in  all  probability  be  as  amenable  to  surgical 
removal  as  before  the  x-ray  treatment,  for  we  have  never  seen  any 
evidence  of  fibrosis  in  the  l}'mphoid  organs  of  animals  after  similar 
treatment.  The  fibroid  tonsil  would  probably  not  be  reduced  mate- 
rially by  x-rays,  as  fibrous  tissue  is  not  appreciably  affected  by  this 
agent. 
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SUMMARY. 

46  indi\T[duals  with  tonsils  both  hypertrophied  and  otherwise  path- 
ologically altered  and  some  of  whom  had  in  addition  adenoid  masses 
and  lymphoid  deposits  posterior  to  the  pillars  of  the  fauces,  were  given 
exposures  to  x-rays.  In  all  but  four  cases  the  treatment  was  followed 
by  marked  atrophy  of  the  tonsils  and  the  other  lymphoid  deposits, 
attended  by  an  opening  and  drainage  of  the  tonsillar  crypts.  As  this 
process  progressed  the  previously  enlarged  tonsils  assumed  a  smooth 
and  normal  appearance  and  the  hemolytic  bacteria — streptococci 
and  staphylococci  chiefly — which  were  often  present  in  the  affected 
tonsil  disappeared  usually  within  4  weeks  of  the  treatment. 

EXPLANATION  OF  PLATES. 

Plate  103. 

Fig.  1,  a  to  d.  {a)  Condition  of  the  tonsils  before  treatment;  small  and  partly 
buried,  with  ragged  surface  and  crypts  containing  exudate.  In  addition  there 
were  deposits  behind  the  posterior  pUlars.  (ft)  1  week  after  x-ray  treatment, 
showing  reduction,  and  smoothing  out  of  surface,  (c)  3  weeks  after  treatment, 
with  further  reduction;  no  exudate  could  be  expressed  from  tonsils,  {d)  6  weeks 
after  treatment.  Tonsils  not  visible  till  anterior  pillar  was  pulled  back;  normal 
in  appearance.  Hemolytic  streptococci  were  present  at  the  first  examination  but 
had  disappeared  by  the  6th  week  after  treatment. 

Plate  104. 

Fig.  2,  a  to/,  (a)  The  tonsils  before  treatment;  medium  size,  with  deep  crypts 
containing  exudate;  ragged,  inflamed  surface,  {h)  8  days  after  treatment;  some 
reduction,  (c)  26  days  after  treatment;  tonsils  congested  and  exudate  still  pres- 
ent. ((f)  55  days  after  treatment;  tonsils  reduced  but  not  normal,  (c)  1  week 
after  a  second  x-ray  treatment,  showing  further  reduction,  and  smoothing  out  of 
surface.  (/)  1  year  and  1  month  after  second  treatment;  tonsils  smaD  and  normal 
in  appearance. 

Plate  105. 

Fig.  3,  a  to  d.  (a)  Condition  of  tonsils  before  treatment;  ragged,  irregular  sur- 
face, with  crypts  containing  exudate,  (b)  2  weeks  after  x-ray  treatment;  tonsils 
markedly  reduced;  surface  irregular  and  congested,  (c)  7  weeks  and  5  days  after 
treatment;  tonsils  normal  in  appearance,  (d)  6  months  after  treatment;  tonsils 
very  small  and  normal.  Hemolytic  streptococci,  present  on  first  examination, 
disappeared  after  treatment. 
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Plate  106. 

Fig.  4,  o  to  e.  (a)  Tonsils  before  treatment;  very  large,  ragged,  and  congested. 
Hypertrophy  of  lymphoid  tissue  behind  posterior  pillars,  (ft)  3  weeks  after  treat- 
ment; tonsils  reduced  in  size.  Lymphoid  tissue  behind  posterior  pillars  entirely 
atrophied,  (c)  2  months  after  treatment;  tonsils  further  reduced;  normal  in 
appearance,  (d)  Alwut  6  months  after  treatment;  tonsils  further  reduced;  nor- 
mal surface;  still  some  exudate  on  deep  pressure,  (c)  11  months  after  treatment; 
tonsils  smaU,  flat;  no  exudate.  Hemolytic  streptococci  disappeared  from  the 
throat  after  treatment. 

Plate  107. 

Fig.  5,  a  to  e.  (o)  Condition  of  tonsils  before  x-ray  treatment;  enlarged;  ragged 
surface;  deep  crypts,  with  purulent  exudate,  (b)  7  weeks  after  treatment;  tonsils 
markedly  reduced;  smooth,  pale;  no  exudate  on  deep  pressure,  (c)  14  weeks 
after  treatment;  tonsils  still  further  reduced;  surface  normal;  no  exudate,  (d) 
6  months  after  treatment;  tonsils  small  and  normal,  (e)  1  year  and  1  month  after 
treatment;  tonsils  smaU  and  normal.  Hemolytic  streptococci  disappeared  from 
the  throat  by  1st  week  after  treatment. 

Plate  108. 

Fig.  6,  a  to  e.  (a)  Tonsils  before  x-ray  treatment;  large,  ragged;  crj^its  con- 
tain pus.  Large  mass  of  lymphoid  tissue  behind  posterior  pillars,  (ft)  2  weeks 
after  treatment;  tonsils  reduced;  surface  smooth  and  clean.  Mass  behind  piUars 
reduced,  (c)  4  weeks  after  treatment;  tonsils  markedly  reduced;  pale  and  smooth; 
no  exudate  on  deep  pressure,  (d)  8  weeks  after  treatment;  small  amount  of 
exudate,  (e)  6  months  after  treatment;  tonsils  small,  normal  in  appearance;  no 
exudate  on  deep  pressure.  Lymphoid  tissue  behind  pillars  practically  gone. 
Hemolytic  streptococci  disappeared  from  throat  by  2nd  week  after  treatment. 
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methods  of  dialysis,  adsorption, 
and  extraction,  119 

Webster,  Leslie  T.  See  Lewis  and 
Webster,  261,  349 

West,  Randolph.  See  Stevens, 
Brady,  and  West,  223 

Witherbee,  William  D.  See  Auer 
and  Witherbee,  791 

— .  See  Brown,  Pearce,  and 
Witherbee,  495,  515,  525 

— .  See  Murphy,  Witherbee, 
Craig,  Hussey,  and  Sturm, 

815 

Woodwell,  M.  N.  See  Means, 
Bock,  and  Woodwell,  201 
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Acid: 

-base  equilibrium  in  disease 
(Means,  Bock,  and  Wood- 
well)  201 

Actinoides : 

Bacillus,  etiological  relation  to 
bronchopneumonia  in  calves 
(Smith)  441 

Adsorption : 

Antigens  for  complement  fixa- 
tion, purification  and  con- 
centration by  dialysis,  ad- 
sorption, and  extraction 
(Wadsworth  and  Mal- 
taner)  119 

Agglutination : 

Titer,  potency  of  polyvalent 
antimeningococcus  serum  de- 
termined by  (Wadsworth) 

107 
Albumin : 

Egg,  in  medium  of  tissue  cul- 
tures causing  granules  in 
chick  embryo  cells    (Lewis) 

485 
Anaerobe : 

Cultivation  of  nasopharyngeal 
secretions  from  influenza 
(Olitsky  and  Gates) 

713 
Jar  (Brown)  677 

Anaerobiosis  : 

(Gates  and  Olitsky)  51 

Antibody : 

Serum  disease  susceptibility, 
relation  of  antigen  and(MAC- 
KENziE  and  Leake) 

601 


Antigen : 

Purification  and  concentration 
for  complement  fixation  by 
dialysis,  adsorption,  and  ex- 
traction (Wadsworth  and 
Maltaner)  119 

Serum  disease  susceptibility, 
relation  of  antibody  and 
(Mackenzie  and  Leake) 

601 
Antimeningococcic  serum: 

See  Serum,  meningococcic. 
Arsphenamine : 

Syphilis,  superinfection  follow- 
ing subcurative  doses 
(Brown  and  Pearce) 

553 

B 

Bacillus : 

actinoides,  etiological  relation 
to  bronchopneumonia  in 
calves  (Smith)  441 

Filtrates,  bacillus-free,  tuber- 
culin hypersensitiveness  in 
non-tuberculous  guinea  pigs 
induced  by  (McJunkin) 

751 

infliienzcB  growth  in  hemoglo- 
bin-free media  (Thjotta) 

763 

pfeifferi  from  meningitis,  im- 
munology (Anderson  and 
Schultz)  653 

Septicemia,  rabbit,  virulence 
in  cultures  (De  Kruif) 

773 
Bacteriology : 

Collodion  sacs,  preparation 
(Gates)  25 
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Bacterium : 

Communal  activity  (Church- 
man and  Kahn)  583 
Cultures,  stock,  preservation 
by  freezing  and  drying 
(Swift)  '  69 
Gentian  violet,  behavior 
toward,  of  (Churchman) 

569 
Nutrition  (Thjotta)  763 

Base: 

Acid-,   equilibrium    in   disease 
(Means,  Bock,  and  Wood- 
well)  201 
BUe: 

Obstruction  required  to  pro- 
duce jaundice  (McMaster 
and  Rous)  731 

Blackhead: 

Incidence  in  artificially  reared 
turkeys  (Graybill)  667 

Blood : 

Cells,  developing,  reticular  ma- 
terial (Cowdry)  1 
Gases,  acid-base  equilibrium  in 
disease  (Meaxs,  Bock,  and 
Woodwell)                       201 
Methemoglobin,  formation  and 
fate  (Stadie)                     627 
Pneumococcus  infections,  blood 
changes  (Stadie)               627 
Precipitin,  after  subarachnoid 
injections    of    horse    serum 
(Alexander)                   471 
Bone: 

Syphilis  (Brown,  Pearce,  and 
Witherbee) 

495,  515,  525 

— ,  cranium  (Brown,   Pearce 

and  Witherbee)  515 

— ,  face  (Brown,  Pearce,  and 

Witherbee)  515 

— ,  forearm  (Brown,  Pearce, 

and  Witherbee)  515 

Bronchopneumonia : 

Calf,     etiological     relation     of 

Bacillus    adinoides    (Smith) 

441 


Calf: 

Bronchopneumonia,      etiologi- 
cal relation  of  Bacillus  adin- 
oides (Smith)  441 
Cancer: 

5ee)  Carcinoma. 
Capillary : 

Histamine  shock,  condition  in, 
of  (Rich)  287 

Carcinoma : 

Grafts,  effect  of  induced  cellu- 
lar reaction  (Murphy,  Hus- 
SEY, Sturm, and  Nakahara) 

315 
— ,  —  on,  of  cellular  reaction 
induced  by  x-rays  (Murphy, 
HussEY,     Nakahara,     and 
Sturm)  299 

Inoculation,  influence  on  lym- 
phoid stimulation  by  x-rays 
(Nakahara  and  Murphy)' 

433 
Transplantation,  resistance,  ef- 
fect   of    x-rays    (Nakahara 
and  Murphy)  429 

— ,  — ,  lymphocyte  in  (Naka- 
hara and  Murphy)  327 
— ,  — ,  relation  to  lymphoid 
stimulation  by  physical 
agents  (Murphy,  Naka- 
hara, and  Sturm) 

423 
Cartilage: 

Syphilis  (Brown,  Pearce,  and 
Witherbee) 

495,  515,  525 
CeU: 

Blood,  developing,  reticular 
material  (Co^'dry)  1 

Carcinoma  grafts,  effect  on,  of 
cellular  reaction  induced  by 
x-rays  (Murphy,  Hussey, 
Nakahara,  and  Sturm) 

299 
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C  ell — continued : 

Chick  embryos,  granules  pro- 
duced by  egg  albumin  in 
medium  of  tissue  cultures 
(Lewis)  485 

Giant,  in  cultures  from  human 
lymph  nodes  (Lewis  and 
Webster)  349 

Reaction,  induced,  effect  on 
cancer  grafts  (Murphy, 
HussEY,  Sturm,  and  Naka- 
hara)  315 

Chemotherapy: 

Ethylhydrocupreine  hydro- 
chloride in  pneumococcus 
pleuritis  (Kolmer  and 
Sands)  693 

Chilomastix : 

mesnili,  method  for  culture 
(Boeck)  147 

Classification : 

Meningococci  (Wadsworth, 
Gilbert,  and  Hutton) 

99 
Collodion : 

Sacs,  preparation  for  use  in 
bacteriology  (Gates) 

25 
Complement : 

Fixation,  antigens,  purification 
and  concentration  by  dialy- 
sis, adsorption,  and  extrac- 
tion (Wadsworth  and 
Maltaner)  119 

Concentration : 

Antigens,  for  complement  fixa- 
tion, by  dialysis,  adsorp- 
tion, and  extraction  (Wads- 
worth and  Maltaner) 

119 
Cranium  : 

Syphilis  (Brown,  Pearce,  and 
Witherbee)  515 

Cultivation : 

Anaerobic,  of  nasopharyngeal 
secretions  from  influenza 
(Olitsky  and  Gates) 

713 


Culture : 

Bacillus  of  rabbit  septicemia, 
virulence  (De  Kruie) 

773 

Bacteria,  stock,  preservation 
by  freezing  and  drying 
(Swift)  69 

CkilomasHx  mesnili  (Boeck) 

147 

Lymph  nodes,  human,  giant 
cells  in  (Lewis  and  Web- 
ster) 349 

Medium  of  fibrin  and  serum 
(Ebeling)  641 

Plasma,  of  human  lymph 
nodes,  migration  of  lym- 
phocytes (Lewis  and  Web- 
ster) 261 

Tissue,  granules  in  chick  em- 
bryo cells  produced  by  egg 
albumin  in  medium  (Lewis) 

485 


Development : 

Blood  cells,  reticular  material 
in  (Cowdry)  1 

Dialysis : 

Antigens  for  complement  fixa- 
tion, purification  and  con- 
centration by  dialysis,  ad- 
sorption, and  extraction 
(Wadsworth  and  Mal- 
taner) 119 
Dioxide : 

Manganese.     See  Manganese. 
Disease : 

Acid-base  equilibrium  (Means, 
Bock,  and  Woodwell) 

201 
Serum,  susceptibility,  relation 
of     antibody     and     antigen 
(Mackenzie  and  Leake) 

601 
Drying: 

Bacteria,  stock  cultures,  pres- 
ervation by  freezing  and 
(Swift)  69 
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Egg: 

Al!)umin  in  medium  of  tissue 
cultures  causing  granules  in 
chick  embryo  cells  (Lewis) 

485 
Embryo : 

Chick,  granules  in  cells  pro- 
duced by  egg  albumin  in 
medium  of  tissue  cultures 
(Lewis)  485 

Encephalitis : 

Immunological  distinctions  of 
poliomyelitis  and  (Amoss) 

187 
Endothelium : 

Reactions  (Foot)  271 

Tuberculosis,  general  miliary 
(Foot)  271 

Ethylhydrocupreine : 

Hydrochloride  in  pneumococ- 
cus  pleuritis,  chemotherapy 
(KoLMER  and  Sands) 

693 
Etiology  : 

Bacillus    aclinoides,   relation    to 

bronchopneumonia  in  calves 

(Smith)  441 

Yellow  fever  (Cohn  and  NOGU- 

cm)  683 

Excretion  : 

Urea  (Oliver)  177 

Extraction : 

Antigens  for  complement  fixa- 
tion, purification  and  concen- 
tration by  dialysis,  adsorp- 
tion, and  (Wadsworth  and 
Maltaner)  119 


Face: 

Syphilis    of     bones     (Brown, 
Pearce,  and  Witherbee) 

515 
Fever: 

Rat-bite.     See  Rat-bite  fever. 
Yellow.     See  Yellow  fever. 


Fibrin : 

Culture  medium  of  serum  and 
(Ebeling)  641 

Filterability: 

Influenza,  nasopharyngeal  se- 
cretions (Olitsky  and 
Gates)  361 

Filtrate : 

Bacillus-free,  injections,  tuber- 
culin hypersensitiveness  in 
non-tuberculous  guinea  pigs 
induced  bv  (McJunkin) 

751 
Fixation : 

Complement.  See  Comple- 
ment. 

Flagellum : 

Rat-bite  fever  microorganism 
(Adachi)  647 

Forearm : 

Syphilis  of  bones  (Brown, 
Pearce,  and  Witherbee) 

515 
Fowl: 

Leucemia,  transmissible  (El- 
lermann)  539 

Freezing: 

Bacteria,  stock  cultures,  pres- 
ervation by  freezing  and 
drying  (Swift)  69 


Gas: 

Blood,  acid-base  equilibrium  in 
disease  (Means,  Bock,  and 
Woodwell)  201 

Gentian  violet: 

Bacteria,  behavior  of,  toward 
(Churchman)  569 

Giant  cell : 

See  Cell. 
Glycerol : 

Influenza,  nasopharyngeal  se- 
cretions, resistance  to  (Olit- 
sky and  Gates)  361 
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Graft: 

Carcinoma,  effect  of  induced 
cellular  reaction  (Murphy, 
HussEY,  SitiEM,  and  Naka- 
hara)  315 

— ,  —  on,  of  cellular  reaction 

induced  by  x-rays  (Murphy, 

HussEY,     Nakahara,     and 

Sturm)  299 

Granule : 

Cell,  of  chick  embryos,  pro- 
duced by  egg  albumin  in 
medium  of  tissue  cultures 
(Lewis)  485 

Growth : 

Bacillus  influenza  in  hemoglo- 
bin-free media  (Thjotta) 

763 

H 

Heart: 

Leptospira  icterofuEmorrhagia 
infection  (Cohn  and  Nogu- 
chi)  683 

—  ickroides  infection  (Cohn 
and  Noguchi)  683 

Method  (Drinker)  675 

Hemoglobin : 

Bacillus  influenzcB  growth  in 
hemoglobin-free  media 

(Thjotta)  763 

Hemolysin : 

Streptococcus,  relation  to  viru- 
lence (Stevens,  Brady,  and 
West)  223 

Heterakis : 

papulosa,  occurrence  in  arti- 
ficially reared  turkeys 
(Graybill)  667 

Histamine : 

Shock,  condition  of  capillaries 
(Rich)  287 

Histology : 

Lymphoid  tissue  of  mice  nat- 
urally immune  and  suscep- 
tible to  cancer  (Nakahara 
and  Murphy)  327 


Hydrochloride : 

Ethylhydrocupreine.  See 

Ethylhydrocupreine. 
Hypersensitiveness : 

Tuberculin,     in     non-tubercu- 
lous guinea  pigs,  induced  by 
injections  of  bacillus-free  fil- 
trates (McJunkin)  751 
Hypertrophy : 

Lymphoid  structures  of  naso- 
pharynx, efi'ect  of  x-rays 
(Murphy,  Witherbee, 

Craig,  Hussey,  and  Sturm) 

815 
Tonsil,  effect  of  x-rays  (Mur- 
phy,    Witherbee,     Craig, 
Hussey,  and  Sturm) 

815 


Icterohaemorrhagiae : 

Leptospira,  infection,    behavior 
of  heart  (Cohn  and  Nogu- 
chi) 683 
Icteroides : 

Leptospira,  immunology  (No- 
guchi and  Kligler) 

253 
— ,  infection,  behavior  of  heart 
(Cohn  and  Noguchi) 

683 
Immunity : 

Carcinoma,  histology  of  lym- 
phoid tissue  of  naturally  im- 
mune and  susceptible  mice 
(Nakahara  and  Murphy) 

327 
Measles,  acquired  (Blake  and 
Trask)  621 

Tuberculous    infection,    artifi- 
cial immunity,  leucocytic  re- 
sponse (Hussey)  337 
Immunology : 

Bacillus  pfeijferi  from  meningi- 
tis (Anderson  and  Schultz) 

653 
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Immunology — continued: 

Encephalitis  and  poliomyelitis, 

distinctions  (Amoss)  187 

Leptospira  icteroides     (NOGUCHI 

and  Kligler)  253 

Poliomyelitis  and  encephalitis, 

distinctions  (Amoss) 

187 
Infection : 

Influenza,  concurrent  infections 
with  (Olitsky  and  Gates) 

373 
Leptospira  icteroheBmorrhagicE,  be- 
havior of  heart  (Cohn  and 
NoGUCHi)  683 

—  icteroides,  behavior  of  heart 
(Cohn  and  Noguchi) 

683 

Measles,  pathology  (Blake 
and  Trask)  '  413 

— ,  svmptomatologv  (Blake 
and' Trask)  '  413 

Pneumococcus,  blood  changes 
(Stadie)  627 

Trypanosoma  rhodesiense, 

therapeutic  action  of  iV- 
phenylglycineamide-/>-ar- 
sonic  acid  (Pearce  and 
Brown)  193 

—  — ,  —  —  of  tryparsamide 
(Pearce  and  Brown) 

193 
Tuberculous,     leucocytic     re- 
sponse  in   artificial   immun- 
ity (Hussey)  337 
Influenza : 

Secretions,  nasopharyngeal, 
from  patients  (Olitsky  and 
Gates) 

125,  361,  373,  713 
Influenzae : 

Bacillus,  growth  in  hemoglobin- 
free  media  (Thjotta) 

763 
Injection : 

Subarachnoid,  of  horse  serum, 
precipitin  response  in  blood 
(Alexander)  471 


Injection — continued: 

Tuberculin  h\'persensitiveness 
in  non-tuberculous  guinea 
pigs  induced  by  injections  of 
bacillus-free  filtrates  (Mc- 
Junkin)  751 

Inoculation : 

Carcinoma,  influence  on  lym- 
phoid stimulation  by  x-rays 
(Nakahara  and  Murphy) 

433 


Jaundice : 

Obstruction,  biliary,  required 
to  produce  (McMaster  and 
Rous)  731 


Leptospira : 

icterohcEmorrhagicB  infection, 
behavior  of  heart  (Cohn  and 
Noguchi)  683 

icteroides,  immunology  (No- 
guchi and  Kligler) 

253 
—  infection,  behavior  of  heart 
(Cohn  and  Noguchi) 

683 
Lesion: 

Syphilis  (Brown,  Pearce,  and 
Witherbee)  525 

— ,  bone  (Brown,  Pearce,  and 
Witherbee) 

495,  515,  525 
— ,  bones  of  forearm  (Brown, 
Pearce,  and  Witherbee) 

515 
— ,  cartilage  (Brow^n,  Pearce, 
and  Witherbee) 

495,  515,  525 
— ,     cranial    bones     (Brown, 
Pearce,  and  Witherbee) 

515 
— ,     facial     bones      (Brown, 
Pearce,  and  Witherbee) 

515 
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Lesion — continued : 

SypWlis,  skeletal  system 
(Brown,  Pearce,  and  With- 
erbee)  495 

— ,  synovial  membranes 
(Brown,  Pearce,  and  With- 
erbee)  495,  515,  525 

— ,  tendon  (Brown,  Pearce, 
and  Witherbee) 

495,  515,  525 
Leucemia: 

Transmissible  (Ellermann) 

539 
Leucocyte : 

Tuberculous  infection,  artificial 
immunity,     leucocytic      re- 
sponse (Hussey)  337 
Liquid : 

Sterile,  mechanical  measuring 
instrument  (Gates)  45 

Lymph : 

Node,  human,  giant  cells  in 
cultures  (Lewis  and  Web- 
ster) 349 
— ,  — ,  migration  of  lympho- 
cytes in  plasma  cultures 
(Lewis  and  Webster) 

261 
Lymphocyte : 

(Bunting  and  Huston) 

593 
Carcinoma,  transplanted,  lym- 
phocyte in  resistance  (Naka- 
hara  and  Murphy)  327 

Migration  in  plasma  cultures  of 
human  lymph  nodes  (Lewis 
and  Webster)  261 

Lymphoid  tissue : 
See  Tissue. 


M 

Manganese : 

Dioxide,  administered  intra- 
venously, quantitative  dis- 
tribution (Drinker  and 
Shaw)  77 


Manganese — continued : 

Dioxide,  administered  intra- 
venously, quantitative  distri- 
bution (Lund,  Drinker, 
and  Shaw)  231 

Measles: 

(Blake  and  Trask) 

385,  413,  621 
Immunity,    acquired    (Blake 
and  Trask;  621 

Virus,  susceptibility  of  mon- 
keys (Blake  and  Trask) 

385 
Medium : 

Culture,  of  fibrin  and  serum 
(Ebeling)  641 

Hemoglobin-free,  growth  of  Ba- 
cillus influenzcB  (Thjotta) 

763 
Tissue    cultures,    granules    in 
chick  embryo  cells  produced 
by  egg  albumin  (Lewis) 

485 
Membrane : 

Synovial,     syphilis      (Brown, 
Pearce,  and  Witherbee) 
495,  515,  525 
Meningitis : 

Bacillus  pfeifferi,  immunology 
(Anderson  and  Schultz) 

653 
Meningococcus : 

Classification  (Wadsworth, 
Gilbert,  and  Hutton) 

99 
Mesnili : 

Chilomastix,   method    for     cul- 
ture (Boeck)  147 
Methemoglobin : 

Formation  and  fate  in  blood 
(Stadie)  627 

Method : 

Antigen,  purification  and  concen- 
tration for  complement  fixation 
by  dialysis,  adsorption,  and 
extraction  (Wadsworth  and 
Maltaner)  119 
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M  etho  d — contin  ued : 

CMomastix  mesnili  culture 
(Boeck)  147 

Heart  (Drinker)  675 

Microbe : 

Species,  dissociation  (De 
Kruif)  773 

Microorganism : 

Rat-bite  fever,  flagellum 
(Adachi)  647 

Migration : 

Lymphocytes,  in  plasma  cul- 
tures of  human  lymph  nodes 
(Lewis  and  Webster) 

261 
Milk: 

Streptococci  in  sour  (Jones) 

13 

N. 

Nasopharynx : 

Lj'mphoid  structures,  h5qDer- 
trophied,  effect  of  x-rays 
(Murphy,  Witherbee, 

Craig,  Hussey,  and  Sturm) 

815 
Secretions  from   influenza  pa- 
tients (Olitsky  and  Gates) 
125,  361,  373,  713 
Washings,      influenza      trans- 
mitted  with    (Olitsky   and 
Gates)  125 

Neoarsphenamine : 

Syphilis,  superinfection  follow- 
ing subcurative  doses 
(Brown  and  Pearce) 

553 
Node: 

Lymph.     See  Lymph. 
Nutrition : 

Bacterial  (Thjotta)  763 

O 

Obstruction : 

Biliary,  required  to  produce 
iaundice  (McMaster  and 
Rous)  731 


Papillosa : 

llelerakis,  occurrence  in  arti- 
ficially reared  turkeys 
(Graybill)  667 

Pathology : 

Measles  (Blake  and  Trask) 

413 
Pf  eifferi : 

Bacillus,  from  meningitis,  im- 
munology (Anderson  and 
SCHULTZ)  653 

Pharmacology : 

Skin,  normal,  reaction  to  de- 
structive doses  of  x-rays  de- 
creased by  (AuER  and  With- 
erbee) 791 
iV-Phenylglycineamide-/>-arsonic 

acid: 

Trypanosoma  rhodesiense  in- 
fections, therapeutic  action 
on,  of  (Pearce  and  Brown) 

193 

Plasma : 

Culture  of  human  lymph  nodes, 
migration  of  lymphocytes 
(Lewis  and  Webster) 

261 

Pleuritis : 

Pneumococcus,  chemothera- 
peutic  studies  with  ethylhy- 
drocupreine  hydrochloride 
(KoLMER  and  Sands) 

693 

Pnetmiococcus : 

Infections,  blood  changes 
(Stadie)  627 

Pleuritis,  chemotherapeutic 
studies  with  ethylhydrocu- 
preine  hydrochloride  (Kol- 
MER  and  Sands)  693 

Poliomyelitis : 

Immunological  distinctions  of 
encephalitis  and  (Amoss) 

187 
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Polyvalent: 

Serum,  antimeningococcus 

(Wadsworth)  107 

Precipitin : 

Blood,  after  subarachnoid  in- 
jections of  horse  serum 
(Alexander)  471 

Purification : 

Antigens,  for  complement  fixa- 
tion, by  dialysis,  adsorption, 
and  extraction  (Wadsworth 
and  Maltaner)  119 


Rat-bite  fever: 

Microorganism,  flagellum 

(Adachi)  647 

Reaction : 

Cellular,  induced  by  x-rays, 
effect  on  cancer  grafts  (Mur- 
phy, HussEY,  Nakahara, 
and  Sturm)  299 

— ,  — ,  effect  on  cancer  grafts 
(Murphy,  Hussey,  Sturm, 
and  Nakahara)  315 

Endothelial  (Foot)  271 

Immunity,  artificial,  in  tuber- 
culous infection,  leucocytic 
response  (Hussey)  337 

Skin,  normal,  to  destructive 
doses  of  x-rays,  decreased  by 
pharmacological  means 

(Auer  and  Witherbee) 

791 
Resistance : 

Carcinoma  transplantation,  ef- 
fect of  x-rays  (Nakahara 
and  Murphy)  429 

,  lymphocyte  in  (Naka- 
hara and  Murphy)  327 

—  — ,  relation  to  lymphoid 
stimulation  by  physical 
agents  (Murphy,  Naka- 
hara, and  Sturm)  423 


Resistance — continued: 

Influenza,  nasopharyngeal  se- 
cretions, resistance  toglycerol 
(Olitsky  and  Gates) 

361 
Reticulum : 

Blood  cells,  developing,  reticu- 
lar material  (Cowdry) 

1 
Rhodesiense : 

Trypanosoma,  therapeutic  ac- 
tion of  iV-phenylglycine- 
amide-Z'-arsonic  acid 

(Pearce  and  Brown) 

193 
— ,     —    —    of     tryparsamide 
(Pearce  and  Brown) 

193 
Roentgen  rays : 

(Murphy,      Hussey,      Naka- 
hara, and  Sturm)  299 
(Nakahara  and  Murphy) 

429,  433 
Carcinoma  grafts,  effect  on,  of 
cellular  reaction  induced  by 
(Murphy,  Hussey,  Naka- 
hara, and  Sturm)  299 
— ,  inoculation,  influence  on 
lymphoid  stimulation  by 
(Nakahara  and  Murphy) 

433 
— ,     transplanted,     eff'ect     of 
x-rays  on  resistance  (Naka- 
hara and  Murphy) 

429 
Lymphoid  structures  of  naso- 
pharynx, hj-pertroplded,  effect 
of    (Murphy,     Witherbee, 
Craig,  Hussey,  and  Sturm) 

815 
Skin,   normal,   reaction   to  de- 
structive doses  decreased  by 
pharmacological  means 

(Auer  and  Witherbee) 

791 
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Roentgen  rays — continued: 

Tonsils,    hypertrophied,    effect 

of      (MURPUY,      WiTHERBEE, 

Craig,  Hussey,  and  Sturm) 

815 


Secretion : 

Nasopharyngeal,  from  influ- 
enza patients  (Olitsky  and 
Gates) 

125,  361,  373,  713 
Septicemia : 

Bacillus,  rabbit,  virulence  in 
cultures  (De  Kruif) 

773 
Serum : 

Culture  medium  of  fibrin  and 

(Ebeling)  641 

Disease,  susceptibility,  relation 

of     antibody     and     antigen 

(Mackenzie  and  Leake) 

601 
Meningococcic,  polyvalent 

(Wadsworth)  107 

Subarachnoid      injections      of 
horse   serum,    precipitin    re- 
sponse   in    blood    (Alexan- 
der) 471 
Shock: 

Histamine,  condition  of  capil- 
laries (Rich)  287 
Skeleton : 

Syphilis  (Brown,  Pearce,  and 

Witherbee)  515 

—    lesions    (Brown,   Pearce_, 

and  Witherbee)  495 

Skin: 

Normal,  reaction  to  destruc- 
tive doses  of  x-rays  decreased 
by  pharmacological  means 
(Auer  and  Witherbee) 

791 

Sterility: 

Liquids,     sterile,  mechanical 

measuring  instrument 

(Gates)  45 


Stimulation : 

Lymphoid,  by  physical  agents, 
relation  to  resistance  to  can- 
cer (Murphy,  Nakahara, 
and  Sturm)  423 

— ,  —  x-rays,  influence  of  can- 
cer inoculation  (Nakahara 
and  Murphy)  433 

Streptococcus : 

Milk,  sour  (Jones)  13 

Virulence,  relation  to  hemoly- 
sin (Stevens,  Brady,  and 
West)  223 

Subarachnoid : 

Injections  of  horse  serum,  pre- 
cipitin response  in  blood 
(Alex.\nder)  471 

Superinfection : 

Syphilis,  after  subcurative 
doses  of  arsphenamine 
(Brown  and  Pearce) 

553 

— , of  neoarsphena- 

mine  (Brown  and  Pearce) 

553 

Susceptibility : 

Carcinoma,  histology  of  lym- 
phoid tissue  of  naturally  im- 
mune and  susceptible  mice 
(Nakahara  and  Murphy) 

327 
Measles  virus,  susceptibility  of 
monkeys        (Blake        and 
Trask)  385 

Serum  disease,  relation  of  anti- 
body and  antigen  (Mac- 
kenzie and  Leake) 

601 

Symptomatology : 

Measles  (Blake  and  Trask) 

413 

Synovial  membrane: 

See  Membrane. 

Syphilis: 

(Brown,  Pearce,  and  Wither- 
bee) 495,  515,  525 
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S3T)hilis — continued : 

Posterior  extremities  (Brown, 
Pearce,  and  Witherbee) 

525 
Skeletal       system       (Brown, 
Pearce,  and  Witherbee) 

515 

Superinfection    after    subcura- 

tive  doses  of  arsplienamine 

(Brown  and  Pearce)      553 

— ■  —  —  —  of  neoarsphena- 

mine  (Brown  and  Pearce) 

553 


Tendon : 

Syphilis  (Brown,  Pearce,  and 
Witherbee) 

495,  515,  525 
Therapy : 

A'-  P  h  e  n  y  1  g  1  y  c  i  n  e  a  m  i  d  e-/)- 
arsonic  acid  in  Trypanosoma 
rhodesicnse  infections 

(Pearce  and  Brown) 

193 
Tryparsamide  in    Trypanosoma 
rhodesicnse  infections 

(Pearce  and  Brown) 

193 
Tissue: 

Anaerobiosis,  influence  on,  of 
fresli  (Gates  and  Olitsky) 

51 
Culture,  granules  in  chick  em- 
bryo cells  produced  by  egg 
albumin  in  medium  (Lewis) 

485 
Lymphoid  (Murphy,  Hussey, 
Sturm,  and  Nakahara) 

315 
—  (Murphy,  Nakahara,  and 
Sturm)  423 

— ,  hypertrophied,  of  naso- 
pharynx, effect  of  x-rays 
(Murphy,  Witherbee, 

Craig,  Hussey,  and  Sturm) 

815 


Tissue — continued: 

Lymphoid,  of  mice  naturally 
immune  and  susceptible  to 
cancer,  histology  (Naka- 
hara and  Murphy)  327 
— ,  stimulation  by  physical 
agents,  relation  to  resistance 
to  cancer  (Murphy,  Naka- 
hara, and  Sturm) 

423 
— ,  —  —  x-rays,  influence  of 
cancer    inoculation    (Naka- 
hara and  Murphy) 

433 
Titer: 

Agglutination,  potency  of  poly- 
valent antimeningococcus  se- 
rum determined  by  (Wads- 
worth)  107 
Tonsil: 

Hypertrophy,  effect  of  x-rays 
(Murphy,  Witherbee, 

Craig,  Hussey,  and  Sturm) 

815 
Transmission : 

Influenza,  with  nasopharyngeal 
washings  (Olitsky  and 
Gates)  125 

Leucemia,  transmissible  (Et- 
lermann)  539 

Transplantation : 

Carcinoma,  lymphocyte  in  re- 
sistance (Nakahara  and 
Murphy)  327 

— ,  resistance,  effect  of  x-rays 
(Nakahara  and  Murphy) 

429 
Trjrpanosoma: 

rhodesicnse,  therapeutic  action 
of  iV-phenylglycineamide-/'- 
arsonic  acid  (Pearce  and 
Brown)  193 

— ,  —  —  of  tryparsamide 
(Pearce  and  Brown) 

193 
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Tryparsamide : 

Trypanosoma  rhodesiense  in- 
fections, therapeutic  action 
on,  of  (Pearce  and  Brown) 

193 
Tuberculin: 

Hypcrsensitiveness  in  non- 
tuberculous  guinea  pigs  in- 
duced by  injections  of  bacil- 
lus-free filtrates  (McJunkin) 

751 
Tuberculosis: 

Immunity,  artificial,  leucocytic 
response  (Hussey)  337 

Miliary,  general,  endothelium 
in  (Foot)  271 

Tuberculin  hypersensitiveness 
in  non-tuberculous  guinea 
pigs  induced  by  injections  of 
bacillus-free  filtrates  (Mc- 
Junkin) 751 

Turkey: 

Blackhead  incidence  in  arti- 
ficially reared  (Gravbill)  667 

Heterakis  papulosa,  occurrence 
in  artificially  reared  (Gray- 
eill)  667 


Urea: 


U 

Excretion  (Oliver) 
V 


177 


Virulence : 

Bacillus  of  rabbit  septicemia  in 
cultures  (De  Kruif) 

773 
Streptococci,  relation  to  hemol- 
ysin (Stevens,  Brady,  and 
West)  223 

Virus: 

Measles,  susceptibility  of  mon- 
keys (Blake  and  Trask) 

385 


X-rays : 

See  Roentgen  rays. 


Yellow  fever : 

(Noguchi  and  Kligler) 

239 
Etiology  (Cohn  and  NoGUcm) 

683 
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